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PREFACE 


The volumes of the International Library of Technology are 
made up of Instruction Papers, or Sections, comprising the 
various courses of instruction for students of the International 
Correspondence Schools. The original manuscripts are pre- 
pared by persons thoroughly qualified both technically and by 
experience to wri‘e with authority, and in many cases they are 
regularly employed elsewhere in practical work as experts. 
The manuscripts are then carefully edited to make them suit- 
able for correspondence instruction. The Instruction Papers 
are written clearly and in the simplest language possible, so as 
to make them readily understood by all students, Necessary 
technical expressions are clearly explained when introduced. 

The great majority of our students wish to prepare them- 
selves for advancement in their vocations or to qualify for 
more congenial occupations. Usually they are employed and 
able to devote only a few hours a day to study. Therefore 
every effort must be made to give them practical and accurate 
information in clear and concise form and to make this infor- 
mation include all of the essentials but none of the non- 
essentials. To make the text clear, illustrations are used 
freely. These illustrations are especially made by our own 
Illustrating Department in order to adapt them fully to the 
requirements of the text. 

In the table of contents that immediately follows are given 
the titles of the Sections included in this volume, and under 
each title are listed the main topics discussed. 
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QUALITATIVE ANALYSIS 


(PART 1) 


GENERAL METHODS OF PROCEDURE 


DEFINITIONS AND DESCRIPTIONS 


1. Qualitative Analysis.—Qualitative analysis is that 
branch of chemical science which considers the compositions of 
substances and the methods used in determining or identify- 
ing each constituent part of the substance. 


2. Wet and Dry Methods of Analysis.—Two methods of 
qualitative analysis are commonly employed. They are 
designated as the wet method and the dry method. The wet 
method, as the name implies, deals with solutions and the dry 
method deals with solids. Each method has its advantages 
and disadvantages. Thus the wet method has the advantage 
that it is almost universally applicable and results obtained 
by its use are certain to be accurate if the directions given for 
obtaining them are carried out exactly. In other words, the 
wet method will give better results in the hands of the inexperi- 
enced operator than will any other method. The dry method, 
on the other hand, is short and simple, it requires but little 
apparatus, and in the case of the simpler substances, quickly 
yields a result. Its use is almost indispensable in some cases, 
but in many instances it gives indications only and the 
accuracy with which these indications are interpreted is 
largely a matter of experience. Again, if impure substances 
are tested by the dry method, the results obtained are apt to 
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2 QUALITATIVE ANALYSIS, PART 1 


be confusing to the beginner. In the analytical work that 
will be outlined, both wet and dry methods will be employed 
in the identification of the metals and their compounds. 


8. Solutions—The word solution is ordinarily used to 
describe the homogeneous mixture that is obtained when a 
solid substance disappears in contact with a liquid and does 
not settle out after a short time. The mixture obtained when 
‘sugar is brought in contact with water will serve to illustrate 
what is meant by a solution. The component parts of a 
solution are the solid portion, known as the solute, and the 
liquid portion known as the solvent. In preparing a solution 
the solute is dissolved in the solvent. The actual quantity of 
a solute that a solvent will dissolve ordinarily depends on the 
solubility of the solute in the solvent at a given temperature. 
In other words, solubility varies with the temperature, generally 
being greater at elevated than at low temperatures. Excep- 
tions, however, will be noted from time to time. Thus a given 
quantity of hot water will dissolve a greater weight of sugar 
than will an equal quantity of cold water. When a given 
quantity of any solvent has dissolved all that it can of a solute, 
at the prevailing temperature, a saturated solution is obtained 
at that temperature. 

The disappearance of most solutes is hastened by the applica- 
tion of heat to the solvent and all will go into solution more 
quickly when in a finely divided or pulverized state and when 
agitated in contact with the solvent. 


4, Reaction, Reagent, and Precipitate.—By a reaction is 
meant a chemical change and the substance that causes a 
chemical change to take place, is called a reagent. 

In qualitative analysis by the wet method, reactions usually 
are caused to take place by the addition of one solution to 
another. Thus the substance to be tested is dissolved in the 
proper solvent and constitutes one solution and the reagent 
dissolved in the proper solvent constitutes the other. When 
the solution of the reagent is added to the solution of the 
substance a reaction may or may not take place. If a reac- 
tion does take place it may not be apparent to the eye. On 
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the other hand, a striking change may occur that alone is 
sufficient evidence of a reaction. Thus, it may be that when 
the reagent comes in contact with the solution of the substance, 
a new solid substance will be formed. The solid substance 
formed as the result of a reaction, is called a precipitate. 
According to their appearance and physical characteristics, 
precipitates are described as being heavy when they settle 
rapidly ; flocculent, when they remain suspended in the liquid 
in a loose, cloud-like mass; gelatinous, when they are jelly- 
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like or slimy; curdy, when they resemble curds; granular, 
when they have the appearance of fine grains, and crystalline, 
when they are in the form of fine crystals. 

Flocculent and gelatinous precipitates usually can be made 
to settle more rapidly by boiling the solutions in which they 
occur. 


5. Filtration—In order to separate a precipitate from the 
excess solution that accompanies it, or in which it has been 
produced, a process of filtration is used. In the laboratory, 
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filtration usually consists in pouring the precipitate and solu- 
tion onto a piece of filter paper that is folded in a particular 
manner and contained in a glass funnel. The entire opera- 
tion is made clear by Figs. 1 and 2. In Fig. lis shown the 
ordinary method of folding a filter paper in order that it will 
fit the cone of a funnel. The circular filter paper, Fig. 1 (a), 
is first folded across the dotted line aa, which produces the 
effect shown in Fig. 1 (b). A second fold is next made along 
the dotted line b b and the completely folded filter paper has 
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the appearance shown in Fig. 1 (c). It is now opened out in 
the shape of a cone by taking three folds of the paper on one 
side and one on the other, and placed in the funnel. A top 
view of the folded filter paper is shown in Fig. 1 (d). The 
operation of filtering is shown in Fig. 2. The precipitate and 
solution is contained in the beaker a. A stirring rod b, which 
is merely a solid glass rod, is held against the lip of the beaker 
in order to direct the flow of the liquid onto the filter and to 
prevent it from running down the outside of the beaker. 
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The funnel c, which contains the folded filter paper, is sup- 
ported by being passed through one opening of the funnel 
support d, which in turn is fastened to the ring stand e. 


6. Before pouring the precipitate and solution onto the 
filter, the paper is closely fitted into the cone of the funnel and 
while held in this position, is completely wet with water unless 
directions to the contrary are given. This preliminary treat- 
ment of the filter paper opens up its pores and facilitates rapid 
filtration. Especially is this true when hot water is used. 
Hot solutions will also filter more rapidly than cold ones. 
Therefore, if heating of the solution and precipitate does not 
seriously change the character of the precipitate, it is advisable 
to heat the solution for the sake of rapid filtration. 

As another aid to rapid filtration, the filter paper should 
always be kept nearly full of the solution that is being filtered. 
The clear liquid that passes through the filter is called the 
filtrate. It is collected in a second beaker f, Fig. 2. The stem 
of the funnel should touch the side of this beaker in order to 
prevent splashing of the filtrate. 


7. Washing by Decantation.—The operation of pouring 
the solution away from the precipitate without greatly dis- 
turbing the latter is known as decantation. It is best carried 
out when heavy precipitates are being dealt with, as in this 
case the precipitate will quickly settle to the bottom of the 
containing vessel and almost all of the accompanying solution 
can be poured away from it and onto the filter. 

Washing by decantation is a very efficient method of freeing 
a precipitate from the reagent or from other impurities. The 
operation is carried out by introducing sufficient distilled 
water into the beaker or other vessel that contains the pre- 
cipitate, from which the solution has already been decanted. 
The quantity of water to be added depends on the nature of 
the precipitate and on the size of the beaker. Generally, 
however, a depth of about 2 centimeters or $ of an inch should 
be sufficient. After the water has been introduced, the pre- 
cipitate is washed by giving the beaker a rotatory motion or 
by stirring its contents with a glass rod. The operation need 
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not consume more than fifteen seconds. The precipitate is 
then allowed to settle and the wash water poured away from 
it and onto the filter as before. The number of times that 
the precipitate must be washed will depend largely on its 
size and nature. If it isa voluminous, flocculent or gelatinous 
precipitate that is freed from occluded impurities only with 
difficulty, it should be washed at least three times by decanta- 
tion before filtering. If it is a granular or crystalline precipi- 
tate, washing by decantation 
will not be necessary. Hot water 
should always be used for wash- 
ing purposes unless directions 
to the contrary are given. 


8. Washing on the Filter. 
When it is known that a precipi- 
tate is readily freed, by washing, 
from the impurities with which it 
is contaminated, it may be trans- 
ferred to the filter at once and 
when all of the solution has 
passed through, the precipitate 
may be washed by means of a 
jet of water from a wash bottle 
such as that shown in Fig. 3 and 

='used as shown in Figs. 4 and 5. 
To operate the wash bottle it is 
grasped around the neck a, Fig. 3, 

the end of the glass tube at b is placed in the mouth, the 
cheeks are inflated, and pressure is applied by means of the 
cheek muscles. In this manner, while breathing through 
the nose, it is possible to force a small jet of water out of the 
bottle through the pointed tip c. The tip is connected to the 
glass tube that passes to the bottom of the bottle, by a piece 
of rubber tubing d, and by means of this flexible joint, the jet 
of water can be directed at will, by the forefinger, while the 
hand holds the bottle as shown in Fig. 4. Another operation 
illustrated by means of Fig. 4, is that of removing the last 
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particles of the precipitate from the beaker to the filter. In 
Fig. 5 is shown the method of using the wash bottle when wash- 
ing a precipitate on the filter. The operation of washing is 
carried out by directing the jet of water around the uppermost 
part of the filter paper, with a circular motion, until the filter 
is about two-thirds full of water. All of the water is then 
allowed to pass through the paper before the precipitate is 
washed a second time. Sometimes, according to the nature 
of the precipitate, it will be found advantageous to stir up the 


Fic. 4 


precipitate on the filter with the jet of water. This is especi- 
ally true when a gelatinous precipitate that adheres closely 
to the paper is being filtered. Whether or not this is done, 
the washing is continued until a test made on a few drops of 
the filtrate shows that all impurities have been washed out of 
the precipitate. 


9. When qualitative tests are carried out in the laboratory 
it at once becomes evident that some precipitates are so gela- 
tinous and slimy that a great deal of time is saved by washing 


8 QUALITATIVE ANALYSIS, PART 1 


them by decantation before bringing them onto the filter. If 
these gelatinous precipitates are immediately transferred to the 
filter they quickly clog the pores of the paper and filtration is 
consequently greatly retarded. If the gelatinous precipitate 
is small, however, boiling it with its accompanying solution 
and then allowing it to settle will greatly facilitate its filtra- 
tion and subsequent washing on the filter. 


10. Evaporation—Evaporation, as the term is used in 
qualitative analysis. indicates the conversion of a liquid into a 


vapor. This may be accomplished by merely exposing the 
liquid to the air, in which case the evaporation is designated as 
being spontaneous, or the operation may be hastened by apply- 
ing heat to the vessel that contains the liquid. In the labora- 
tory, evaporation is usually carried out by placing the liquid 
in a beaker or in an evaporating dish and then applying the 
heat directly by means of a gas or other burner, or indirectly 
by means of a sand bath, hot plate, steam bath, or hot-water 
bath. 
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Evaporation is frequently carried out in qualitative analysis, 
since it is usually necessary to reduce the volume of a large 
filtrate, obtained as the result of much washing of a precipitate, 
when this filtrate is to be tested for a second metal. Evapora- 
tion is especially necessary when it is known that only a small 
quantity of the metal is present in the filtrate. In this case, if 
the filtrate is not concentrated by evaporation, failure to 
obtain a precipitate may be the result. 


11. When it is necessary to evaporate the contents of a 
vessel to dryness, care should be taken, toward the end of the 
operation, in applying the heat. If the heat is too great, loss 
may occur through spattering of the semiliquid contents of the 
vessel. Ifan inflammable solvent is to be evaporated, it can be 
done with little danger by means of a distilling flask connected 
to a condenser, the end of which passes through a stopper 
fitted into the neck of a second distilling flask held in an 
inclined position, and the bulb of which is immersed in cold 
water. 


12. Neutralization.—Solutions react acid, alkaline, or 
neutral to certain substances known as indicators. The exact 
condition of a solution is determined by bringing it in contact 
with a few drops of a solution of an indicator; or a strip of 
paper, known as a test paper, impregnated with the indicator, 
may be dipped into the solution to be tested. In either case, a 
change of color of the indicator will indicate that the solution is 
acid, alkaline, or neutral in reaction. If neutral, the color of 
the indicator does not change. 

Of the indicators commonly used by the chemist, the follow- 
ing are the most important: Litmus, a blue vegetable color- 
ing matter, which in the presence of alkalies remains blue but 
which in the presence of acids becomes red in color; turmeric, 
a yellow, vegetable coloring matter, retains its yellow color in 
the presence of acids but turns brown when brought in con- 
tact with solutions of the alkalies; methyl orange, a coal-tar 
derivative, is yellow in alkaline solution and red in acid solu- 
tion; phenophthalein, another coal-tar derivative, is colorless 
in acid solution and red in alkaline solution. 
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Of these indicators, litmus is the only one commonly 
employed in qualitative analysis and for the sake of con- 
venience it is used in the form of test paper. 


13. When directions are given to introduce a reagent 
into the neutral solution of a substance to be analyzed, a small 
piece of litmus paper is first dropped into the solution to 
determine its condition. If it is acid, a solution of an alkali 
is added to it drop by drop, with constant stirring. When a 
point is reached at which the color of the pink litmus paper 
just changes to a faint blue, the solution may be regarded as 
being approximately neutral and this is sufficiently close 
for ordinary practical work. Thus, if, when the acid solution 
is being neutralized, the last drop of the alkaline solution 
used for neutralization, causes the solution to react alkaline, 
it is evident from the manner in which the neutralization was 
carried out that there can be only a slightly excess of alkali 
present and for all practical purposes the solution is neutral. 

If directions are given to render a solution acid or alkaline 
before analysis, it is best first to bring the solution close to 
the neutral point by the addition of an alkali or acid, and 
then from this point render it acid or alkaline. In this way a 
large excess of acid or alkali may be avoided. 


14. Generation and Use of Gases in the Laboratory. 
The gas most commonly used as a reagent in qualitative 
analysis is hydrogen sulphide. It may be generated in the 
laboratory and used as fast as generated or the liquefied 
gas may be purchased in small cylinders from which it is 
released, as required, by merely opening the cylinder valve. 
When used from a cylinder the escape of the gas into the 
laboratory is easily prevented. 

Hydrogen sulphide is generated in the laboratory by the 
action of either dilute hydrochloric acid or dilute sulphuric 
acid on ferrous sulphide. The generation of the gas is a 
very simple matter but difficulties are sometimes encountered, 
because certain precautions that should be taken and which 
are pointed out in the directions given, are overlooked. 
The simple apparatus required is shown in Fig. 6. To 
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generate the gas a small quantity (a half-dozen lumps, or 
pieces, approximately the size of a pea) of ferrous sulphide is 
placed in the bottle a, and the apparatus is then connected as 
shown. At e@e, the connections are made by means of rubber 
tubing and at f f by means of rubber stoppers. All connections 
must be gas-tight. Dilute hydrochloric acid (about 1 part 
acid to 3 parts water) or dilute sulphuric acid (1 part acid 
to 6 parts water) is now poured down the funnel or thistle 
tube d, which enters the bottle a. It should be noted that 
the thistle tube reaches very close to the bottom of the bottle 
(about ¢ inch above the bottom) and just enough acid is 


added to cover the ferrous sulphide and to reach above the 
bottom of the thistle-tube stem in order to prevent the escape 
of the gas through the tube. Thus, the acid acts as a liquid 
seal. When the dilute acid comes in contact with the ferrous 
sulphide, hydrogen-sulphide gas is immediately generated. 
The gas is then led through the flask b, which contains water 
through which the gas bubbles and is washed. From the wash 
bottle the gas is then passed into the bottle c, which contains 
water or ammonium hydroxide, depending upon whether 
ammonium sulphide or a solution of the gas in water is desired. 
Tf a solution is to be tested, a few cubic centimeters are placed 
in a test tube and the gas passed through it. 
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15. As hydrogen-sulphide gas is very poisonous, it should 
be generated only as just described, under a hood or in a well- 
ventilated room. By using a very little acid at one time, 
excessive generation of the gas can be avoided. If it is desired 
to stop the evolution of the gas, the 
acid may be poured off into a drain and 
the unused ferrous sulphide allowed to 
remain in the flask. 

The following reactions take place in 
the preparation of hydrogen-sulphide gas 
by the method described: 


FeS+2HCl=H,S+ FeCl, 
FeS+ H,SO,= H,»S+ FeSO, 


16. Kipp Generator.—For the con- 
tinuous generation of hydrogen sulphide 
from ferrous sulphide and dilute sul- 
phuric or dilute hydrochloric 
acid, Kipp’s apparatus, shown 
< in Fig. 7, is very satisfactory. 

It is made of glass and consists of three 
bulbs, the two lower ones, A and B, being 
connected together as shown, without a 
joint. The upper bulb C is drawn out 
to form the tube D, which fits tightly 
into the bulb B by means of a ground- 
glass joint, and extends almost to the 
bottom of the bulb A. 

The ferrous sulphide is introduced, in 
= ,the form of small pieces, through the 
opening EF, into the bulb B. The open- 
ing E is then closed by means of a rubber 
stopper through which a glass tube 
provided with a stop-cock F passes. With the stop-cock open 
to permit the escape of displaced air, sufficient diluted acid is 
introduced into the generator, by means of the thistle tube G, 
to fill the bulb A and to cover the ferrous sulphide contained 
in the bulb B. Hydrogen sulphide is generated at once and 
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in order to prevent its escape, the stop-cock F is closed. 
Generation of the gas now continues until the pressure within 
the apparatus is great enough to force the acid out of the bulb B 
away from the ferrous sulphide into the bulb A and up through 
the tube D into the upper bulb C. The generation of addi- 
tional hydrogen sulphide is thus prevented and if the apparatus 
does not leak, the pressure within it will continue to hold the 
acid away from the ferrous sulphide. When it is desired to use 
the gas, the stop-cock F is opened and the resultant release of 
pressure allows the acid from the bulb C to pass into the bulb A 
and up into the bulb B, where it again comes in contact with 
ferrous sulphide, and hydrogen sulphide is generated until the 
stop-cock is closed or until the acid or the ferrous sulphide is 
exhausted. The solution of ferrous chloride or ferrous sul- 
phate formed as the result of the reaction is removed through 
the opening H. 


PREPARATION OF REAGENTS 


17. Strength of Reagent Solutions.—The solutions of 
acids, alkalies, and salts that are used asreagents by the chemist, 
are loosely described as being concentrated, strong, dilute, 
and weak. None of these terms is capable of being exactly 
defined, nor can it be stated at what point a solution ceases 
to be concentrated or strong and becomes dilute and 
weak. 

If 100 parts by weight of a certain salt is soluble in 100 parts 
by weight of water at 20° C., on dissolving the salt in the water 
at the temperature given, a saturated solution is obtained 
which, obviously, may be designated as concentrated or strong. 
However, if the saturated solution is diluted, say with one-half 
its volume of water, it is not so strong as it was before dilution 
but it may still be called a strong solution of the salt used. On 
the other hand, the dilution by one-half its volume of water 
would not produce what is commonly accepted as being a 
dilute solution. If 5 parts by weight of the same salt are 
dissolved in 100 parts by weight of water at 20° C., a solution 
is obtained, which by comparison with the saturated solution, 
may be called dilute or weak. If the solubility of another salt 
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is only 5 parts in 100 parts of water at 20° C., it is evident 
that the terms concentrated and strong would not have 
exactly the same meaning as when applied to the saturated 
solution obtained in the first instance. Again, a dilute solu- 
tion of the second salt would contain far less of it in solution 
than was the case with the first salt. Thus, it is clear that 
the foregoing terms when used to describe the strengths of 
solutions, cannot have an exact meaning. They merely serve 
to give an idea of the approximate strength of a solution when 
the solubility of the solute is known. Exact strengths are 
conveniently expressed in terms of percentage. 


18. When applied to the mineral acids, such as, sulphuric, 
nitric, and hydrochloric, however, a special meaning has been 
assigned to the word concentrated. Thus concentrated sul- 
phuric acid is commonly understood to be that strength that 
contains 95 per cent. H,SO, and has a specific gravity of 1.84; 
concentrated nitric acid contains 70 per cent. HNO; and has a 
specific gravity of 1.42; concentrated hydrochloric acid con- 
tains 37 per cent. HCl and has a specific gravity of 1.19; con- 
centrated ammonium hydroxide or ammonia, contains 28 per 
cent. NH; and has a specific gravity of .90. 


19. Purity of Reagents.—All of the materials that are to 
serve as reagents in making qualitative tests, must be the 
purest obtainable. The water used should be distilled. If 
rain water, spring water, well water, or the tap water of 
municipalities is used, misleading results invariably will be 
obtained by the inexperienced operator. At best the various 
types of natural waters can only be used when their exact 
compositions are known. If a natural water that carries iron 
salts in solution were used to prepare a solution of calcium 
chloride which was to be tested for calcium, the iron would be 
precipitated by the reagents used to precipitate calcium and 
a condition of this kind would only confuse the beginner. 


20. In order to avoid contamination of reagents during 
the course of an analysis, it is important that that part of the 
stopper which is inserted into the reagent bottle does not 
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come in contact with the laboratory bench or table, or any 
other source of contamination. Care should be also taken to 
avoid an interchange of the stoppers of different reagent bottles. 
When a reagent is to be introduced into a solution to be 
tested, it is best to transfer from its bottle to a small beaker or 
cest tube the quantity of the reagent required, and then intro- 
duce it into the solution to be tested. The small quantity of 
the reagent that may not be used under these conditions is 
then discarded. In this way, contamination of the main por- 
tion of the reagent by a fuming or boiling solution that is being 
tested, is avoided. 


21. Preparation of Reagent Solutions.—In making quali- 
tative tests, it is necessary that the approximate concentration 
or percentage strength of any reagent in its solution be known. 
Thus it cannot always be expected that the result obtained 
by the use of a given quantity of a solution that contains 10 
per cent. of the reagent will be duplicated when the same 
quantity of a solution that contains 30 per cent. of the reagent 
is used. Therefore, in order that the beginner in qualitative 
analysis will be aided in obtaining consistent results, the 
proper proportions to be used in making up solutions of 
reagents, as dictated by experience, are indicated in Table I. 

It will, of course, not be necessary to make up the concen- 
trated acids nor the solid compounds, as these may be pur- 
chased in a high state of purity. 

In one column of Table I are given the specific gravities of 
the acids and of some salts, and in case a balance is not available 
the values given may be used to aid in the preparation of 
solutions of approximate strength which will answer the 
purpose. Thus it will be sufficiently accurate for the work to 
be done to consider that one cubic centimeter of the finely 
powdered compound or one cubic centimeter of the acid is 
equivalent to a weight in grams as expressed by the specific 
gravity. For example, the specific gravity of concentrated 
sulphuric acid is 1.84 and one cubic centimeter of it may be 
considered to weigh 1.84 grams. Therefore, if directions call 
for 15 grams of concentrated sulphuric acid, it is merely 


TABLE I 
PREPARATION OF REAGENT SOLUTIONS 


Parts | Parts 


by by 
Name of Reagent Formula Greeti Weight Weight 


Reagent Weiter 


Inorganic Acids 


Hydrochloric acid, concentrated....... .| HCl 1.19 

Hydrochloric acid, dilute............-. 3 1.03 1 6 

Nitric acid, concentrated. . Meee [PEN Os 1.42 

Nitric acid, dilute, . a 10, eee 1.07 a 6 

Sulphuric acid, concentrated . «aero UE E SOY 1.84 

Sulphuric acid, dilute. . PRs ih ce ee 1,12 1 6 

RE Acids 

Acetic acid, oan Phares erate Rue eee a o/"cty\ | ed Coed a) 1.058 

Acetic acid, dilute.. Sawa ant ceretue ates 1.030 1 5 

ISR NIOTACIO vce caWceudd « cae So emeltne: oes eo ea ca eaGoOM Zea 1.653 1 10 

Tartaric acid.. Sh ABProrspor du nr oemoarie ates (es Cer erat; 1.759 1 10 
Alkalies 

Ammonium hydroxide, concentrated . ..| NHsOH -90 

Ammonium hydroxide, dilute.............. -97 1 4 

Potassium hydroxide. . Nan akc os ORL 2.04 1 20 

ray imindroxidaly (css ites fandit whens NaOH 2.13 1 20 
Salts 

Ammonium acetate (special reagent). . ..| NHsCoH 302 

Ammonium carbonate nanecia! reagent). ica (N H14)2COs 

Ammonium chloride...... alse [REVELAGE 1.52 1 10 

Ammonium oxalate. . .. | (NH4)2C204 H20 1.50 1 25 

Ammonium molybdate (special reagent) .. . | (NH4)2M 004 

Ammonium perchlorate. . ..| NH4ClOg 1.95 1 20 

Ammonium poly sulphide (special reagent) - | (NA) Sx 

Ammonium sulphide operat, eager) | (NAsg)2S 

Ammonium sulphate.. .. Fae tee LCN As) 2S Oe 1.76 1 15 

Ammonium tartrate. (N H1)2Ci1H406 1.60 1 20 

Barium chloride... . ¢ BaClz2H2O 3.097 1 10 

Barium hydroxide (special reagent) . .......) Ba(OH)28H20 1.656 

Bromine water Sai cOemOE Ys weeee es | Br+H2O 

Galetimachioride: <iqscc ase dtie. otter eos Lae 2.152 1 5 

Calcium sulphate. . RCA ee ee OO) 2.964 1 560 

Wanaltaus nitrates cloner ee ee Co(NOs3)26H20 1.83 1 10 

Copper sulphate.. ..| CuSOv5H2O 3.51 1 10 

Cupferron. ..| CoH sN'NO‘ONH, 1 15 

Dimethylglyoxime ‘(special rea ent) .. .| CsH7N2O2oH 

Ferric chloride (special reagent)............ FeCl3;6H2O 1 10 

Ferrous sulphate (special reagent).......... FeSOs7H2O 1.898 1 7 

Hydrogen sulphide water Crecial hag ga! .-| H2:S+H20 

Lead acetate (special reagent)... .. ..| Pb(C2H302)23H20 | 2.50 1 10 

Magnesium sulphate... .. weeees MegSO¢7H2O0 1.678 1 10 

Magnesia mixture sperial reagent). S secsetahstazee: 

Mercuric chloride. . os patnten | LeLeGRs 5.40 1 20 

Mercurous nitrate. ......1 HgNO32H20 4,78 1 10 

Nessler's reagent (special reagent). Sanit cae 

Nitroso-8-naphthol Greist haya Oe Peer ene CwHsNO'OH 

Potassium bromide.. es a | avere 2.749 

Potassium chromate. . Seleski yx el shine Oe 2.731 1 10 

Potassium dichromate....................) KeCreOr 2.692 1 15 

Potassium ferricyanide. . K3Fe(CN)« 1.81 1 100 

Potassium ere ences: wena ve ise ocnn| Kabe(CN Roos 1.853 1 100 

Potassium iodide.. ESI SP er ome ee ON |) al p 3.123 1 10 

RoOtaSsiminimttr ate teat ony-2 ceientae ds then Sh eNOS 2.106 i 10 

Potassium nitrite. ne. Mean he ae KNO2 1.195 1 2 

Potassium Permanganate : KMn0, 2.703 1 50 

Potassium sulphate .. B55 eG Meee eri enya 2.663 1 15 

Potassium thiocyanate. POCA OR a cell RIL ON CS 1.906 i 10 

MULVEr IMETACC  leetc oils oe mdaieins ss vie ps af ARN Os 4.352 1 20 

Sodium acetate..........................| NaC2H 3023H20 1.40 1 10 

Sodium carbonate......................+.| NaeCOs 2.50 1 5 

Sodtitm chloride seen. <2 sn ns se fos Find x] NaGL 2.161 1 10 

podiae: ora lai ge iaeepe see Nax0204 1 50 

Sodium phosphate. . .| NaH POs12H20 | 1.523 1 10 

Sodium thiosu!phate . ...| Na2S203'5H20 1.729 1 10 

Stannous eons (special reagent) .. ..| SnCle 

Zinc sulphate. . * .| ZnSOv7H2O 1.966 1 10 


_ 
for) 
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necessary to measure out the equivalent number of cubic 
centimeters as obtained by the calculation, 15+ 1.84=8.1 cubic 
centimeters. 

If the reagent is sodium chloride, which has a specific gravity 
of 2.161, and 10 grams of it are required, the number of cubic 
centimeters of the finely powdered salt to be used is, 10+2.161 
=4.6 cubic centimeters. 


22. In Table I the proportions of reagent and water to be 
used to make a solution of the reagent are given in parts by 
weight. This practice will be followed throughout qualitative 
analysis, that is, by “‘parts’’ it will be understood that parts by 
weight is meant. 

In diluting the concentrated acids with water it is impor- 
tant to remember that the acid should be added to the water 
not the water to the acid. In the latter case, a violent reac- 
tion may take place that may result in injury to the operator. 
Always add the acid slowly and with constant stirring. 


23. Special Reagents.—By special reagents is meant those 
the preparation of which involves more than the mere solu- 
tion of a solid compound in water. 

The names of the special reagents and directions for the 
preparation of their solutions are given as follows: 

Ammonium Acetate: Neutralize acetic acid withammonia. 

Ammonium Carbonate: Dissolve 1 part of the solid in 
5 parts of water and add 1 part of concentrated ammonia. 

Ammonium Molybdaie: Dissolve 1 part of powdered 
ammonium molybdate in 3 parts of cofitentrated ammonia, 
with the aid of heat. Pour the resulting solution, slowly and 
with constant stirring, into a mixtur 18 parts of con- 
centrated nitric acid and 8 parts of water. Allow the solu- 
tion to stand 24 hours; decant and use the clear portion. 

Ammonium Sulphide: Pass hydrogen sulphide into 75 
cubic centimeters of concentrated ammonia until the latter 
is saturated as indicated by the bubbles coming through the 
liquid, undiminished in size. Then add 75 cubic centi- 
meters of concentrated ammonia and dilute the solution to 
500 cubic centimeters with distilled water. 

ILT 17C—3 
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Yellow Ammonium Sulphide: Yellow ammonium sulphide 
or ammonium polysulphide may be made by adding about 1 
gram of flowers of sulphur (specific gravity about 2.00) to 100 
cubic centimeters of the ammonium sulphide solution. Shake 
the mixture frequently during the course of an hour. All of 

the sulphur may not dissolve, but an excess, which will settle 
to the bottom of the bottle, does no harm. 

Barium Hydroxide: Dissolve 5 grams of barium hydroxide 
in 100 cubic centimeters of water, with the aid of heat. Cool 
and filter into a bottle that is provided with a good stopper. 
After filtration, close the bottle to protect the solution from 
the air and when using it, do not expose the contents of the 
bottle to the air any longer than is necessary. 

Bromine Water: Dissolve 1 gram of bromine in a solution 
consisting of 5 grams of K Brin 100 cubic centimeters of water. 

Cleaning Mixture: Dissolve 50 grams of powdered potas- 
sium dichromate in 200 cubic centimeters of warm distilled 
water. Cool and pour into the cold solution, with constant 
stirring, 250 cubic centimeters of concentrated sulphuric acid. 

Dimethylglyoxime: Dissolve 3 grams of the solid in 250 
cubic centimeters of 95 per cent. alcohol.* 

Ferrous Sulphate: To prevent oxidation, place a wire nail 
in the bottle with the solution and add 3 drops of concentrated 
sulphuric acid to each 100 cubic centimeters of solution. 

Ferric Chloride: Add 5 cubic centimeters of concentrated 
hydrochloric acid to each 100 cubic centimeters of solution. 

Hydrogen Sulphide Water: Saturate the water with the 
gas and keep the solution in a dark place when not in use. 
Solutions that do not smell strongly of the gas should not be used. 

Lead Acetate: Add 1 cubic centimeter of glacial acetic acid 
to each 100 cubic centimeters of the solution. 

Magnesia Mixture: Make up separate solutions of 10 grams 
of magnesium sulphate and 15 grams of ammonium chloride in 
a little water; then mix the solutions, add 60 cubic centi- 
meters of concentrated ammonia and dilute to 200 cubic centi- 
meters with distilled water. 


*Where the use of alcohol is indicated, denatured alcohol may be 
used. 
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Nessler’s Reagent: Dissolve 10 grams of potassium iodide 
in 25 cubic centimeters of distilled water and add 16 grams of 
mercuric iodide. Dilute the solution to 100 cubic centimeters 
with water and add 67 grams of potassium hydroxide dissolved 
in 130 cubic centimeters of water. If the resulting solution is 
not clear, allow it to settle and decant as much of the clear 
solution as possible. Keep in a dark place when not in use. 

Nitroso-8-naphthol: A saturated solution in 50 per cent. 
acetic acid. 

Stannous Chloride: Dissolve 5 grams of solid stannous 
chloride in 15 cubic centimeters of concentrated hydrochloric 
acid and add sufficient water to make 100 cubic centimeters of 
solution. Place a small piece of metallic tin in the bottle with 
the solution to prevent oxidation of the stannous chloride. 

Starch-Potasstum Iodide Solution: Make a paste of 5 grams 
starch and a little waterina mortar. Rinse the paste out of the 
mortar into 250 cubic centimeters of boiling water. Boil 5 
minutes and filter through a small, loose plug of cotton placed 
in the apex of afunnel. To the filtrate add 3 grams of potas- 
sium iodide and 2 cubic centimeters of chloroform. 


METHODS OF ANALYSIS 


WET METHOD 


24. Introduction.—Early in the work of qualitative 
analysis it is important that the beginner acquires a certain 
amount of technique, or the ability to handle the simpler types 
of apparatus, and also that he becomes familiar with the 
reactions that occur between the commoner reagents and the 
metals or their compounds and with the appearance of the 
different precipitates produced as the result of reactions. 

In order that elementary knowledge may be acquired as 
quickly and as easily as possible, it is advisable for the inexperi- 
enced operator to work with materials or compounds the 
compositions of which are known to him. When this is done 
and when the directions given are faithfully carried out, the 
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beginner will, in a surprisingly short time, find himself able to 
carry out the simpler qualitative tests without the aid of 
printed directions. He will then be in a position to take up 
the more interesting work that is concerned with the identi- 
fication of unknown metals and their compounds. 


25. Apparatus Required.—The apparatus used in the wet 
method of analysis is simple and inexpensive. Some of it that 
has been described and illustrated in the foregoing pages is also 
included in the following list for the sake of convenient refer- 
ence. The list cannot be regarded as being complete, but it 
will give an idea of the apparatus that should be at hand before 
laboratory work is started. 


3 Beakers. Capacities, 200 c.c., 400 c.c., and 600 c.c. 
5 dozen Bottles. Capacity, 8 ounces, narrow mouth, for corks. 
1 Burner. Tirrill or Bunsen type., Where gas is not available, 


an alcohol burner of the Barthel type may be used. 
2 Clamps, universal. Size, medium. 
2 Clamp fasteners for ring stand rods up to 7'q in. diameter. 
1 Clamp, Chaddock. Size, 3in.to4in. For lifting beakers, etc. 
1 Condenser, Liebig. Size, 20 in. 
Corks. Numbers 4, 5, 6, 7, 8, and 10. Three of each size 
number. 
Cork borers, brass. One set of six. 
Crucibles, porcelain, with covers. Capacity about 17 c.c. 
Crucible tongs. Size 9 in. 
Cylinder, graduated. Capacity, 25 c.c. 
Cylinder, graduated. Capacity, 100 c.c. 
Distilling flask. Capacity, 500 c.c. 
Evaporating dishes, porcelain. Capacities, 100 cc. and 
200 c.c. 
Filter paper, 4 packs. Diameter, 5 in. (12.5 centimeters). 
2 Funnels. Diameter, 3 in. (7.5 centimeters). 
1 Funnel support of hardwood for 4 funnels and equipped with 
an iron clamp for attaching to any ring stand. 
3 pound Glass tubing. Outside diameter, 5 mm. 
7 pound Glass tubing. Outside diameter, 6.5 mm. 
100 Labels. Gummed backs. Size about 13 in. X2 in. 
Litmus paper, red. In bottle. 
Litmus paper, blue. In bottle. 
1 Mortar and pestle, porcelain. Diameter, 3} in. 
1 Pipette. Capacity, 1 c.c. 
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Pipette. Capacity, 5 c.c. 

Platinum wire. Length 3 in. 

Rings, iron. Inside diameters, 2 in., 3 in., and 4 in, 

Ring stand or support, rectangular base. Height of rod, 20 in. 

Stirring rods, glass. Length, 6 in. 

Stoppers, rubber, 2-hole. Numbers, 2, 3, 4,5,6,and7. Two 
of each. 

Stoppers, rubber, solid. Numbers, 3, 5, 7, and 9. Two of 
each. 

Test tube support or holder. Wood, with draining pins for 
12 test tubes. 

Test tubes. Size, 5 in. X 3 in. 

Test tube holder, Stoddart. For holding test tubes when 
heating their contents. 

Test tube brush. 

Test tube, graduated. Capacity, 5 c.c. 

Triangles, nichrome. Length of side, about 23 in. (6 cm.). 

Tripod, iron. Height 7 in. diameter, 3} in. 

Tubing, rubber, white, heavy wall. Inside diameter, 3%, in. 

Wash bottle, complete. Capacity, 1,000 c.c. 

Watch glasses. Diameter, 34 in. 

Wire gauze, brass. Size, 4 in. x4 in. 


26. Chemicals Required.—The variety and quantity of 


chemicals 


required for qualitative analysis depend on the 


nature of the tests to be made. In the beginning of laboratory 
work only the simpler reactions are carried out, and only the 
commoner chemical compounds are required. The follow- 
ing list will give the beginner an idea of what is necessary: 


Liquips 
QUANTITIES IN NAW Per Cent. SPECIFIC 
Cusic CENTIMETERS STRENGTH GRAVITY 
100 Acetic acid 99.5 1.058 
500 Alcohol (denatured) 95 
250 Ammonium hydroxide 28 .90 
100 Aniline 
25 Bromine 
15 Chlorplatinic acid 10 
250 Hydrochloric acid Be sae!) 
100 Hydrogen peroxide (U.S.P.) 3 
250 Nitric acid 70 1.42 
500 Sulphuric acid 95 1.84 
150 Sulphurous acid 6 
30 Titanium tetrachloride 1.76 
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QUANTITIES 


IN 


Grams 
50 


SoLIps 


NAME 
alum 
ammonium acetate 
ammonium carbonate 
ammonium chloride 
ammonium citrate 
ammonium molybdate 
ammonium oxalate 
ammonium perchlorate 
ammonium sulphate 
ammonium tartrate 
ammonium thiocyanate 
antimony pentachloride 
antimony trichloride 
barium chloride 
barium hydroxide 
benzoic acid 
bismuth nitrate 
cadmium nitrate 
calcium chloride 
calcium sulphate 
chrome alum 
cobalt nitrate 
copper (metallic) 
copper chloride 
copper sulphate 
cupferron 
diemthylglyoxime 
diphenylamine 
ferric chloride 


ferrous ammonium sulphate 


ferrous sulphate 

ferrous sulphide (sticks) 
gold trichloride 

lead acetate 

lead nitrate 

lead peroxide 


bottle litmus paper (blue strips) 
bottle litmus paper (pink strips) 


lithium chloride 
magnesium chloride 
magnesium sulphate 
manganese dioxide 
manganese sulphate 
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ForRMULA 
Al2(SOs) s-K2SO0¢24H20 
NHi0C2H 302 
(NHAi4)2COs 
NH,Cl 
(NH,COO);C3;H,0OH 
(NA,)2Mo0, 
(NH,)2C20¢ H20 
NH;Cl04 
(NA) 2SO4 
(NHA4)2CiH40¢ 
NHiCNS 
SbCl 
SbCls 
BaClz2H,O 
Ba(OH).:8H,O 
CsH;COOH 
Bi(NO3)s:5H20 
Cd(.NO3)24H2O 
CaCl, 

CaSO4 

Cro(SO4) 3'K2S04:24H20 
Co(NO3)2:6H2O 

Cu 

CuCl2:2H,O 
CuS04:5H2O 
C;H;N-NO-ONH, 

CH, NO. 
(CoHs)2NH 

FeCl3;:6H2O 

FeSO: (NHs;) 2»SO46H2O 
FeSOs:7H2O 

FeS 

AuCls 
Pb(C2H302)2:3H2O 
Pb(NOs)2 

PbO 


Lich 

Mg Clz6H»O 
MgSO+7H20 
MnO, 
MnSO4H,0 


QUANTITIES 
in GRAMS 


50 
50 


100 


SoLips—( Continued) 


NAME 
mercuric chloride 
mercuric nitrate 
mercurous nitrate 
a-napthylamine 
nickel nitrate 
nitroso-/-naphthol 
oxalic acid 
potassium bromide 
potassium carbonate 
potassium chlorate 
potassium chloride 
potassium chromate 
potassium cyanide 
potassium dichromate 
potassium ferricyanide 
potassium ferrocyanide 
potassium hydroxide (sticks) 
potassium iodide 
potassium nitrate 
potassium nitrite (sticks) 
potassium permanganate 
potassium pyroantimonate 
potassium sulphate 
potassium thiocyanate 
salicylic acid 
silver nitrate 
sodium acetate 
sodium ammonium phosphate 
sodium arsenate 
sodium arsenite 
sodium benzoate 
sodium carbonate _ 
sodium chloride 
sodium formate 
sodium fluoride 
sodium hydroxide (sticks) 
sodium hypochlorite 
sodium nitrate 
sodium oxalate 
sodium phosphate 
sodium salicylate 
sodium silicate 
sodium sulphide 
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FORMULA 


AgCh, 


Hg(NO3)2:2H,O 
HgNO32H20 
Cio, NA2 
Ni(NO;)26H,O 
CoH, NO-OH 
F,C,04:2H20 
KBr 

K.CO; 

KCIO; 

KCL 

K.CrO;4 

KCN 

KeCreO7 
K,Fe(CN)g 
K,Fe(CN).¢-3H20 
KOH 

KI 

KNO; 

KNO; 

KMnO, 
K2H2Sb207 
K2SO4 

KCNS 
CsH,OH-COOH 
AgNO; 

NaC.H 3023H20 
NaNH.HPO,4H20 
NaxHAsOy12H20 
Na,HAsO; 
C.H;COC Na 
Na2,CO3 

NaCl 

HCOONa 

NaF 

NaOH 

NaOCl 

NaNO; 

NazC.014 

Na,H POy12H20 
C,H,0H:COONa 
NazS103 

NazS 
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So_tips—( Continued) 
QUANTITIES 


IN GRAMS NAME . ForMULA 
50 sodium sulphite Na2,SO; 
50 sodium tartrate Na2.CiH05:2H2,O0 
50 sodium-potassium tartrate Nak C,H,054H20 
50 sodium tetraborate Na2BsO;7 
50 sodium thiosulphate Na2S203:5H,O 
50 sodium tungstate Na.W0O,:2H2O 
25 sodium vanadate Na;V0O«16H2O0 
50 stannous chloride Sn Clo: 2H2O 
IAS. starch (arrowroot) (CsHOs5)x 
50 strontium nitrate Sr(NO3)24H2O0 
25 sulphanilic acid NH,:-Cy,H4-SO;H: H.O 
50 sulphur (flowers) : S 
50 tartaric acid H.CiH405 
50 tin (metallic, granulated) Sn 
50 zinc (metallic, granulated) Zn 
50 zine dust Zn 
50 zinc oxide ZnO 
50 zine sulphate ZnSOy7H2O 


27. Analytical Procedure.—In carrying out tests by the 
wet methods, from 5 to 10 cubic centimeters of the solution 
to be tested is placed in a test tube and a small quantity of the 
reagent solution is added to it, drop by drop, the contents of 
the tube being shaken after each addition. Ordinarily, not 
more than 5 drops of the reagent will be required to effect 
complete precipitation of the metal in solution. With a 
little experience, it can be determined by observation, whether 
or not sufficient of the reagent has been added. Thus, if an 
additional drop of the reagent does not cause a thickening of the 
precipitate or if a precipitate is not obtained when a drop of 
the reagent is added to the supernatant liquid, it is evident 
that the reagent is present in excess. As will be shown subse- 
quently, a large excess of reagent is to be avoided in some 
cases. 


28. The contents of the solutions that the beginner in 
qualitative analysis will test are known to him. Therefore 
the purpose of the preliminary work is to furnish a knowledge 
of the manipulation of simple apparatus and to familiarize 
him with the colors and general appearances of the precipitates 
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obtained. Then when he works on substances the compositions 
of which are unknown to him, he will be able to draw accurate 
conclusions that will enable him to identify the substances in 
question. Oftentimes the solubility of a precipitate in 
another reagent furnishes a clue to its identity. To test the 
solubility of a precipitate in another reagent, it is usually 
merely necessary to add the reagent to the precipitate in 
the test tube. It must be remembered, however, that some 
of the reagent that caused the formation of the precipitate is 
also present in the test tube and depending on the excess of it 
present, solution of the precipitate, in some cases, may be 
prevented and in other cases the excess of the precipitating 
reagent may facilitate the action of the solvent reagent. 
Therefore, if several unsuccessful attempts have been made 
to dissolve the precipitate, it should be filtered from solution, 
washed several times on the filter with water and after placing 
a clean test tube under the funnel, it is covered with the reagent 
by placing sufficient of the latter in the funnel. If the 
precipitate does not dissolve readily, most of it may be 
detached from the filter paper, while in contact with the 
solvent, by gentle rubbing with a glass rod. If all of the 
solvent runs through the filter without dissolving the pre- 
cipitate or before dissolving most of it, an additional quantity 
should be placed in the funnel. In some cases it may be 
necessary to transfer the precipitate from the filter paper to 
a beaker or an evaporating dish. This can be done best by 
unfolding the paper, with the precipitate on it, and while hold- 
ing by its edge in a vertical position, direct a fine jet of water 
from the wash bottle against it. The solvent may then be 
added to the precipitate in the beaker. 


29. In making qualitative tests, cleanliness is absolutely 
essential. Dirty apparatus must never be used. Whena piece 
of glassware, such as a test tube, has been used for one test it 
must be thoroughly rinsed out with distilled water before it 
is used for another test. If this does not clean it, an acid or 
the cleaning solution must be used and the apparatus rinsed 
out with distilled water. 
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In making tests it will be found desirable, in some cases, to 
save several precipitates for the purpose of comparison and 
in this connection, a test-tube support or rack, such as that 
illustrated in Fig. 8, will be found convenient. Thus if a 
series of five tests are given for one metal, all five may be 
made and each test tube containing the precipitate obtained 
by the use of a certain reagent, is placed in the rack. It is 
then an easy matter to compare the results obtained. When 


each precipitate is discarded on the completion of a test, the 
similarities or differences that exist between the precipitates 
obtained by the use of different reagents is not so easily 
noted. After test tubes have been cleaned and rinsed they 
are placed in the rack in an inverted position as shown and 
allowed to drain. Again, by reason of their inverted position, 
foreign matter is kept out of them. 


DRY METHOD 


30. Apparatus Required.—It is desirable that the beginner 
in qualitative analysis become familiar with a few dry reac- 
tions, in order that when necessary, he can confirm the results 
obtained by the wet method. 

For the dry reactions, the following materials and pieces of 
apparatus are necessary: burner, blowpipe, charcoal, platinum 
wire and foil, forceps, blue glass and closed tubes or mat- 
trasses. 


31. Gas Burners.—The burner ordinarily used in all 
qualitative work is the Bunsen, shown in Fig. 9, or it may 
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be a modification such as the Tirrill burner shown in 
Fig. 10: 

The flames produced by these burners are the same. The 
Tirrill burner is an improvement over the Bunsen since with 
it the flow of gas and the air supply are more easily regulated. 
In the Tirrill burner shown in Fig. 10, the screw a controls the 
gas supply, which may be increased or decreased by merely 
turning the screw. The burner tube is carried on a screw thread 
and when it is turned to the right the air supply is diminished, 
whereas turning it to the left increases the air supply. 

A diagram of the flame from either burner is shown in 
Fig. 11. It is seen to consist of three principal parts or zones. 
Of these an inner zone a consists of unburned gas mixed with 
air, an outer zone b consists of burning gas mixed with an excess 
of air, and a luminous tip c of the inner zone a. The hottest 
part of the flame will be found at about the point marked d 
and the coldest part, within the zone a at e. 


Fic. 9 


82. Alcohol Burner.—The ordinary alcohol lamp with 
wick is not entirely satisfactory for qualitative work because 
it does not furnish a colorless flame nor one that is sufficiently 
hot for all purposes. Where gas is not available, a small gaso- 
line blow torch or an alcohol burner of the Barthel type may 
be used. The Barthel alcohol burner shown in Fig. 12 is of 
solid brass construction. To operate the burner, the reservoir a 


28 QUALITATIVE ANALYSIS, PART 1 


is nearly filled with alcohol and then tightly closed by means 
of the screw-cap b. The shallow saucer c is then filled with 
alcohol and a flame applied. The resulting alcohol flame 
envelopes the chamber d and serves to vaporize alcohol that 
is drawn from the reservoir and within a short time the 
vapors may be ignited at the top of the tube e. Pes 
When the alcohol in the saucer has been consumed, it is 
not necessary to replenish and relight it unless the chamber d 
becomes cold. The height of the flame may be 
regulated by raising or lowering a piece of wire gauze 
contained in the tube e and connected to the button f. 
To stop the operation of the burner, the flame is 
blown out and the screw-cap b removed for an instant 
to release the pressure within the reservoir. It is 2M 
then tightly replaced. 


33. Blowpipe-——By means 
of the blowpipe it is possible to 
obtain an intensely hot flame 
that may be directed in such a 
manner as to be brought in 
direct contact with the sample to 
be tested. The blowpipe is made 
in several shapes. The simplest 
of these is shown in Fig. 18. It ~ 
consists of a small, curved, brass tube equipped with a mouth- 
piece at a, an air chamber at b, and a tip at c through the end 
of which a very small hole is drilled. In using a blowpipe it is 
frequently necessary to blow a steady stream of air through it 
for several minutes. To accomplish this the blowpipe is 
placed in the mouth and the cheeks inflated. Then by means 
of the cheek muscles, a steady stream of air is forced through 
it while breathing through the nostrils. The air should never 
be forced from the lungs since a steady pressure cannot be 
maintained by doing so. 


34. Oxidizing and Reducing Flames.—An oxidizing flame 
is obtained from the flame of the gas burner by placing the tip 
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of the blowpipe just inside of the gas flame as shown in 
Fig. 14 (a). Then by blowing, a long blue flame is obtained 
that will rapidly oxidize most substances held at the point a. 

By placing the tip of the blowpipe just outside of the 
flame, as shown in Fig. 14 (b), a long, slightly luminous flame 
‘is obtained that reduces substances held at the point b. 


35. Charcoal.—In blowpipe work, a piece of fine-grained 
_ charcoal having a width and thickness of about 1 inch and a 
length of about 4 inches, is used to hold the material under 
examination. A small cavity is made in one end of the 


Fic. 14 


piece of charcoal, the material placed in it, and the blowpipe 
flame directed on it. When the test has been completed, 
the material must be thoroughly scraped from the charcoal 
before another substance, to be tested, is placed in the cavity. 


36. Platinum Wire.—The platinum wire used in making 
certain qualitative tests, for convenience in handling, may 
be inserted in a piece of glass tubing, which serves as a handle, 
as shown in Fig. 15. To fasten the wire, one end of the glass 
tubing is placed in the upper part of the flame of a burner 
and when the glass begins to soften, one end of the wire 
is inserted in the tube and the glass permitted to melt around 
it. On withdrawing the wire and tube from the flame, a 


30 QUALITATIVE ANALYSIS, PART 1 


result similar to that shown in Fig. 15 will have been obtained. 
The free end of the wire should be bent in the form of a loop 
somewhat less than one-eighth of an inch in diameter. The 
loop will serve to hold solid substances or a drop of solution 
in the flame of the burner in order to observe whether or not 
the substance imparts color to the flame. 

The wire may be cleaned by immersing it in hydrochloric 
acid and then heating it to redness, the operation being 
repeated until the wire no longer imparts a color to the - 

flame. 


37. Platinum Foil.—A piece of platinum 
foil, about one and one-half inches square, is 
frequently used in making qualitative tests by 
the dry method. Directions for making these 
tests will be given subsequently. The foil 
should never be heated in contact with the 
heavy metals, such as lead and mercury, or 
their salts, since an alloy will be formed with 
the platinum and the foil will be ruined. 


38. Blue Glass.—A blue glass that may be 

2 inches wide and 3 inches long is used in mak- 
ing flame tests for potassium salts. To carry 
f out the test, for any metal a solution of which 
‘” imparts a color to the flame, it is merely neces- 
Fic. 15 Fic. 16 sary to dip the loop of the platinum wire into 
the solution to be tested and then hold the loop to the edge of 
the gas burner flame and observe the color imparted to the 
flame. Potassium salts under these conditions, produce a 
violet color that is readily discernible through the blue glass. 


39. Mattrasses.—A closed tube or mattrass, such as that 
shown in Fig. 16, is used in testing solid substances. Mat- 
trasses may be obtained in several forms but one that is satis- 
factory may be made by cutting a piece of glass tubing, having 
an inside diameter of about three-sixteenths of an inch, into 
lengths of about 4 inches, and then sealing the end of each 
piece by means of the gas flame. To do this it is merely neces- 
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sary to hold the end of the tube in the flame until it closes. 
Solid substances, to be tested, may be dropped into the tube 
and heated. Certain materials, when subjected to this treat- 
ment, exhibit a behavior that is characteristic 


DEPORTMENT OF METALS WITH REAGENTS 


INTRODUCTION 


40. In what follows, directions are given to the beginner, 
which, when faithfully carried out, will enable him to observe 
the results of the reactions that take place between the more 
common metals and their compounds, and certain reagents. 

In the beginning of the practice work, the attempt should 
not be made to remember all of the reactions that take place. 
Exact knowledge of reactions will gradually come with prac- 
tice and experience, and it will soon be realized that any given 
reagent almost invariably produces the same results, under 
the same conditions, with different metals. Cases in which 
this is not true are few by comparison, and are therefore 
easily remembered as exceptions. 

Among the reagents, sodium and potassium, are designated 
as fixed alkalies to distinguish them from ammonia, which is 
volatile. When reference is made to the fixed alkali hydroxides 
or carbonates, the hydroxides or carbonates of sodium and 
potassium are meant. If reference is made simply to the 
aikali hydroxides, then the hydroxides of sodium, potassium, 
and ammonium are meant. 


41. The metals, the reactions of which are to be studied, 
are those that are probably of the greatest value to the majority 
of basic industries. Consequently, they will be met with 
more frequently in practical work than will others, reactions 
for which have been omitted. The metals have been taken 
up in alphabetical order simply for the sake of easy reference. 
As far as is possible, there have been included equations that 
represent the reactions that take place between the metal or 
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its compounds, and the reagent. Where the equation has 
not been written for any particular reaction, it may be assumed 
that it has been omitted for the reason that the exact composi- 
tions of the products formed are unknown, or it may be that 
similar reactions have previously been represented by equa- 
tions. 

The approximate solubility, in cold and hot water, of the 
salt from which the test solution is to be prepared, is given. 
By cold water is meant water the temperature of which lies 
between 0° and 25° C., and by hot water that which has a 
temperature between. 80° and 100° C. _ The approximate 
solubilities will help greatly in giving an idea of the strength 
of the solution when the terms dilute, moderately dilute, 
concentrated, or moderately concentrated, are used. Thus, 
39 parts of lead nitrate dissolve in 100 parts of cold water and 
139 parts dissolve in 100 parts of hot water. For the sake of 
an illustration, a cold, concentrated solution of lead nitrate 
may then contain, say from 25 to 39 parts of the solid in 100 
parts of water; a moderately concentrated solution, from 15 to 
25 parts in 100 parts of water, and a dilute solution, up to 15 
parts in 100 parts of water. 


42. Throughout the text it is frequently stated that a 
precipitate is or is not soluble in an excess of a reagent. By 
an excess of a reagent is meant more of the reagent than is 
required to accomplish a certain object. When directions 
are given to use an excess of a reagent in the precipitation of 
a metal, more of the reagent should be used than is actually 
required to react with the metal in order to precipitate it 
completely. Thus, after filtering off the precipitate, a test 
of the filtrate for the reagent would show its presence. To 
render an alkaline solution acid by the use of an excess of a 
certain acid, more of the latter than is required for neutraliza- 
tion of the alkaline solution is employed. When it is stated 
that a precipitate is soluble in an excess of a reagent, it is 
meant that when more of a reagent than is required to form 


the precipitate is added to a solution it dissolves the precipi- 
tate that it first formed. 
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ALUMINUM 


43. General Properties.—Aluminum is a white metal with 
a somewhat bluish luster when polished. It crystallizes in 
octahedrons, and is a good conductor of heat and electricity. 
It is ductile, malleable, highly sonorous, and very light, its 
specific gravity being 2.5 to 2.7. It is less fusible than tin and 
zinc, but more so than silver, its melting point being 657° C. 
It requires a very high temperature to vaporize it. Like zinc, 
it is most easily rolled and bent between 100° and 150° C. 

Neither dry nor moist air has any action on aluminum. 
When heated in thin sheets in a current of oxygen, it burns 
and is converted into aluminum oxide. 


44. Solubilities—The best solvent for aluminum is 
hydrochloric acid, dilute or concentrated. It is only slightly 
attacked by dilute sulphuric acid, dilute or concentrated 
nitric acid, and ammonium hydroxide. Hot, concentrated 
sulphuric acid dissolves aluminum with the evolution of sul- 
phur dioxide. Solutions of the caustic alkalies attack it 
with the formation of aluminates, 

2Al4+2Na0H+2H.0 =2NaAlO,+3H2 


With the halogens, aluminum forms a corresponding halide. 


45. Preparation of Aluminum Solution—An aluminum 
solution may be made by dissolving about 5 grams of alum, 
Alx(SO4)3-K2SO01-24H20, in 100 cubic centimeters of water, 
2 or 3 drops of concentrated Se acid then being added 
to the solution. 

Alum is soluble to the extent of 5 parts in 100 parts of cold 
water and 400 parts in 100 parts of hot water. 


46. Dry Reactions.—When aluminum compounds are 
heated on the charcoal before the blowpipe, they are converted 
to aluminum oxide, Al,O3. If the oxide is moistened with a 
dilute solution of cobaltous nitrate and again heated, it takes 
ona blue color. In making this test, it should be remembered 
that aluminum oxide is infusible and consequently, if the 
substance on the charcoal fuses before the blowpipe flame, it 
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is not an aluminum compound, although the blue color may 
be obtained with cobaltous nitrate. Care should also be 
taken that an excess of cobaltous nitrate solution is not used, 
since on ignition, the black cobalt oxide formed will obscure 
the blue color of the cobaltous aluminate. 


47. Wet Reactions.—Reagents react with aluminum 
solutions as follows: 

1. Ammonium hydroxide precipitates white, gelatinous 
aluminum hydroxide, 


Alz(SO4) 3:-KaSOs+6N HiOH = 2Al(OH)3+3(N H4)oSOs+ K2SO4 


The precipitate is partly soluble in water, forming a colloidal 
solution. It is insoluble in an excess of the reagent or in 
water that contains ammonium salts in solution. When 
freshly precipitated it is easily dissolved by acids. 

2. Sodium hydroxide and potassium hydroxide. form the 
same precipitate as ammonium hydroxide. The precipitate, 
however, is soluble in an excess of the reagent, an aluminate 
being formed, 


Al(OH);+ NaOH = NaAlO,+2H20 


From the solution of the aluminate, aluminum hydroxide 
is reprecipitated by the addition of ammonium chloride. 
The precipitation is aided by boiling. If an acid is cautiously 
added to the solution of an aluminate, aluminum hydroxide is 
precipitated. An excess of the acid dissolves the precipitate 
thus formed. 

3. Ammonium carbonate precipitates white aluminum 
hydroxide, 

Alx(SO4) 3-K2SO1+3(N H4)2CO3+3H20 


The precipitate is insoluble in an excess of the reagent but 
is readily dissolved by acids. 

4. Fixed alkali carbonates give the same precipitate as 
ammonium carbonate. The precipitate is slightly soluble in 
an excess of the reagent. It also dissolves readily in all 
mineral acids. 


eS 
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5. Hydrogen sulphide and soluble sulphides precipitate 
aluminum hydroxide from aluminate solutions, 


2NaAlO;+ H2S+2H20 =2Al(OH)3+Na.S 


The precipitate is obtained only after sufficient hydrogen 
sulphide or soluble sulphides have been added to neutralize 
the alkali present. Hydrogen sulphide or soluble sulphides 
do not precipitate aluminum from acid or neutral solutions. 

6. Alkali phosphates precipitate white, gelatinous aluminum 
phosphate, 

Alz(SO«)3-KeSO,+2Na.H PO, 
= 2Al1POi+2Na2SO14+ KeSO1+ HeSOz 


The precipitate is soluble in solutions of the alkalies and in 
mineral acids. It is insoluble in water and in acetic acid. 

7. Alkali acetates precipitate basic aluminum acetate from 
boiling solutions of aluminum. In cold aluminum solutions, 
the normal acetate is first formed. It is soluble in the solution 
but on boiling is converted into the insoluble basic acetate. 
The latter redissolves when the solution cools. The reactions 
that take place may be represented as follows: 


Ale(SOs)3-K2SOs+-6NaCzH 302 =2Al(CgH 302) 3+3Na2.S0:4+-K2SO% 
Al(C2H 302) gt 2H.O = Al(OH) 2:C2H302+ QHGyEiaO> 


8. Sodium thiosulphate precipitates aluminum hydroxide 
from boiling aluminum solutions, 


Ala(SOs) 3:KeSOs+ 38Na,S203 -- 3H.O 
=2Al(OH)3+3Naz,SO1+ K2S04+3S0.+3S 


AMMONIUM 


48. General Properties——The ammonium group, N H,, 
acts like a metal, forming the base of all ammonium com- 
pounds, and is, consequently, treated as a metal. When an 
ammonium salt such as NH,Cl is subjected to the action of an 
electric current the NH, ion breaks up into NH; and H and 
the substance NH, is not obtained. If mercury is used as the 
negative electrode, however, the NH; ion combines with it to 
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form an amalgam. During its formation the amalgam swells 
up, becomes frothy, and discharges NH3 and H. Again, when 
mercury containing 1 per cent. of sodium is placed ina saturated 
solution of ammonium chloride, it increases considerably in 
bulk, becoming a pasty mass, which is the so-called ammonium 
amalgam. The action in this case is simply the displacement 
of the sodium ion by the ammonium ion. 

These experimental results indicate that an amalgam of 
mercury and the NH, ion temporarily exists and that the 
NH, ion displaces the sodium ion from sodium amalgam. The 
metals, only, form amalgams with mercury; therefore, it 
would seem logical to predict. that if the ion NH, could be 
isolated it would have the properties of a metal. 


49. Solubilities and Solution.—Ammonia, NH3, and all 
ammonium salts are soluble in water. A solution for the 
ammonium reactions may be made by dissolving about 5 
grams of ammonium chloride in 100 cubic centimeters of 
water. Ammonium chloride is soluble to the extent of 29 
parts in 100 parts of cold water and 75 parts in 100 parts of 
hot water. 


_50. Dry Reactions.—When heated on the charcoal or 
platinum foil, all ammonium compounds are either decom- 
posed or volatilized, those that are decomposed giving the 
peculiar odor of ammonia. 

The ammonium compounds that are not volatilized are the 
borates, chromates, molybdates, phosphates, tungstates, and 
vandates. They are, however, decomposed on ignition with 
the evolution of ammonia. 


51. Wet Reactions.—Reagents react with solutions of 
ammonium compounds as follows: 

1. Sodium hydroxide and potassium hydroxide solutions, 
when added to solutions of ammonium compounds, decompose 
the latter with the evolution of ammonia. The reaction is 
made to take place more rapidly by heating the solutions. 


NH,Cl+ NaOH =NH;+NaCl+ H,O 
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This is by far the best common test for ammonium, and, 
in fact, the only sure one. To apply this test, place a little 
of the solution to be tested in a test tube, add about an equal 
quantity of sodium hydroxide, and heat. Ammonia gas is set 
free, which is recognized by its characteristic odor. If a 
piece of red litmus paper is moistened and held at the mouth of 
the tube, it is turned blue; or, if a drop of hydrochloric acid ona 
glass rod is held at the mouth of the tube where the gas comes 
in contact with it, white fumes of ammonium chloride are 
formed. 

2. Tartaric acid precipitates white ammonium acid tar- 
trate, N-H1sHC,H,O, from rather concentrated solutions of 
ammonium compounds. 

It is very soluble in acids, and quite soluble in water, 
so that in dilute solutions, or in those containing free acid, 
no precipitate is formed. The precipitate is not formed at 
once except in very strong solutions, but shaking favors its 
formation. It is sometimes obtained from the solution pre- 
pared as just described, but often fails. 

3. Chlorplatinic acid precipitates yellow ammonium chlo- 
roplatinate from concentrated solutions, 


2 QNH4C1-+ Hy PtCls = (N Hs)2PtCle+2HCl 


The precipitate is insoluble in alcohol but dissolves in water; 
hence in dilute solutions no precipitate is formed. 
4. Nessler’s reagent precipitates brown nitrogen dimercuric 


iodide, 

NH,C1+2K.Hegl.+3KOH =NHg,I+7KI+HCl+ 3H20 

5. Mercurous nitrate precipitates black mercuric ammonium 
nitrate, 


6HgNO;+6NH.C1+ 20 = (NH2HgNO;),HgO+4NHiNOs 
+3Hg+6HCl 
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ANTIMONY 


ANTIMONOUS AND ANTIMONIC COMPOUNDS 


52. General Properties and Solubilities.—Antimony is a 
hard, brittle, bluish-white metal that has a specific gravity of 
6.715. It melts at 630° C., and may be distilled at a white 
heat. Itscarcely tarnishes in the air at ordinary temperatures, 
but at red heat it takes fire, antimony trioxide being formed. 
Antimony is oxidized but is not dissolved by nitric acid, and is 
only slightly attacked by hydrochloric acid. It dissolves 
readily in hydrochloric acid to which a little bromine has been 
added. The best solvent for antimony is, however, aqua regia. 

Antimony forms two series of compounds; the antimonous, 
in which the element is trivalent, and the antimonic, in which 
it is pentavalent. 


53. Dry Reactions.—Antimony fuses easily on the char- 
coal before the blowpipe, a white incrustation of antimony 
trioxide being formed. Antimony compounds when mixed 
with sodium carbonate and fused on the charcoal before the 
blowpipe, form a similar incrustation. 


ANTIMONOUS COMPOUNDS 


54. Preparation of Antimonous Solution.—An antimon- 
ous solution that will be satisfactory for the wet reactions, 
may be made by dissolving about 5 grams of antimony trichlo- 
ride in concentrated hydrochloric acid and then diluting the 
solution to 100 cubic centimeters with water. Only sufficient 
acid should be used to dissolve the antimony trichloride, 
but if, after diluting the acid solution to 100 cubic centimeters, 
a precipitate is formed, it should be dissolved by adding 
concentrated hydrochloric acid to it, drop by drop, and with 
constant stirring, until a clear solution is obtained, or until 
most of the precipitate has dissolved. The precipitate is then 
allowed to settle and the clear solution decanted. 
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Antimony trichloride is soluble to the extent of 600 parts in 
100 parts of cold water and 4,500 parts in 100 parts of hot 
(60° C.) water. 


55. Wet Reactions.—Reagents react with an antimonous 
solution as follows: 

1. Alkali hydroxides and alkali carbonates precipitate white 
antimony trioxide, 


2S6Cl3+6Na0OH =Sb.03+6NaCl+ 3H.O 
2S6C13+3Na.CO3 = S$b.03;+6Nacl+3C0, 


The precipitate is only sparingly soluble in water but dis- 
solves readily in solutions of the fixed alkali hydroxides and 
carbonates, a metantimonite being formed, 


Sb,03+2Na0H = 2NaSbO;,+ H20 


It is also soluble in acids. 
2. Hydrogen sulphide and soluble sulphides precipitate 
orange-red antimony trisulphide, 


2Sb6C13+3H2S = Sb2S3+6HC1 


The precipitate is insoluble in cold, dilute acids but is 
‘soluble in hot, concentrated hydrochloric acid, in ammonium 
sulphide, and in solutions of the caustic alkalies. 

3. Zinc, when placed in a strongly acid solution of anti- 
mony, precipitates the antimony asa black powder. Ifa piece 
of platinum foil is placed in the solution in contact with the 
zinc, the antimony will be deposited upon it, making a black 
stain. This precipitate is insoluble in hydrochloric acid. 

4. Water in large excess precipitates white antimonous 
oxychloride, SbsClO;. Thus, 

4SbC13-+- 5H20 = SbsC lO 5+ 10HCl 


To obtain the precipitate, a test tube is nearly filled with 
water and 2 or 3 drops of the antimony trichloride solution 
is added to it. If the antimonous solution is not too strongly 
acid, a precipitate will be formed almost immediately. 

5. Potassium iodide does not react with a solution of 
antimony trichloride, with the liberation of iodine. 
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ANTIMONIC COMPOUNDS 


56. Preparation of Antimonic Solution——An antimonic 
solution may be prepared by dissolving the metal in aqua regia 
thet contains an excess of nitric acid. Antimony trichloride 
is first formed but is almost immediately converted into anti- 
mony pentachloride by the nitric acid. If too much nitric 
acid is present, however, the pentoxide, Sb:0;, will be precipi- 
tated, and it will be necessary to add hydrochloric acid in 
order to bring it back into solution as the pentachloride. 

An antimonic solution is most conveniently prepared by 
slightly acidulating about 5 grams of antimony pentachloride 
with concentrated hydrochloric acid and then diluting it to 
100 cubic centimeters, all of the water being added at one time. 


57. Wet Reactions.—In nearly all cases, an antimonic 
solution gives similar reactions with reagents as does an anti- 
monous solution. 

1. Hydrogen sulphide and soluble sulphides precipitate 
orange-red antimony pentasulphide, 


2S6C15+5H2S = SbeS;+ 10HCI 


The precipitate has the same solubilities as antimony tri- 
sulphide. 

2. Potassium todide in acid solution reduces antimony 
pentachloride to antimony trichloride, with the liberation of 
iodine, 

SbC1;+2K I =SbCl3+2KCI1-+ Ip 

3. Water precipitates a basic chloride from solutions of 

antimony pentachloride, 


SbCls+ H20 = SbOCl3;+2HC1 
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ARSENIC 


ARSENIOUS AND ARSENIC COMPOUNDS 


58. General Properties and Solubilities.— Ordinary arsenic 
is a dark, steel-gray, brittle solid that has a metallic luster, 
and a specific gravity of 5.727. 

Arsenic is insoluble in cold, concentrated hydrochloric acid 
but dissolves slowly in the hot acid. It dissolves in dilute 
nitric acid and in dilute aqua regia, arsenious acid being 
formed, 

Ass + 4HNO;+4H20 =4H3AsO3;+4NO 


Concentrated nitric acid and strong aqua regia dissolve 
arsenic with the formation of arsenic acid. The reaction is 
represented as follows: 


3Asi+20HNO3+8H20 = 12H3AsOi1+20NO 


Like antimony, arsenic forms two series of compounds 
which are known as arsenious and arsenic compounds, respec- 
tively. 


59. Dry Reactions.—Arsenic is easily volatilized, with- 
out fusing, on the charcoal before the blowpipe, forming a 
white incrustation and yielding white fumes of the trioxide, 
As2O3, that have a characteristic, garlic-like odor. Care must 
be taken not to inhale large quantities of these fumes, as they 
are poisonous 


ARSENIOUS COMPOUNDS 


60. Preparation of Arsenious Solution.—A solution that 
may be used for the arsenious reactions is prepared by dissolv- 
ing about 5 grams of sodium arsenite, Na,H AsQO3, in 100 cubic 
centimeters of water to which about 5 cubic centimeters of 
concentrated hydrochloric acid has been added. 


61. Wet Reactions.—An arsenious solution reacts with 
reagents as follows: 
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1. Hydrogen sulphide precipitates yellow arsenic tri- 
sulphide from solutions that contain a little hydrochloric acid, 


2Na,HAsO3;+3H2S+4HCl = AsoS3+4NaCl+6H20 


No precipitate is obtained with a neutral solution, only a 
yellow color being imparted to it. 

Arsenic trisulphide is insoluble in hydrochloric acid but 
dissolves in ammonium sulphide, solutions of the alkali 
sulphides, ammonium hydroxide, and in ammonium carbon- 
ate solution. 

2. Silver nitrate produces a yellow precipitate of silver 
orthoarsenite in slightly alkaline solutions, ° 


NaH AsO3+3AgNO3= Ag3AsO3+2NaNO3;+HNO; 


The precipitate is soluble in nitric acid and in ammonium 
hydroxide. A solution made by dissolving sodium arsenite 
in water, without the addition of hydrochloric acid, will give 
the reaction. 

3. Copper sulphate precipitates green copper arsenite from 
solutions that contain a little caustic alkali, 


NaH AsO3+CuSO4= Cu AsO3+NaeSOu 


The precipitate is soluble in acids and ammonium hydroxide. 
If an excess of caustic alkali is present in solution, the copper 
sulphate is reduced to cuprous oxide, 


NazH AsO3+2CuSO.+ 5NaOH 
= CwO+2Na,S01+Na3;As01+3H2O 


4. Stannous chloride precipitates brownish-black arsenic 
when a few drops of a solution of an arsenite are added to a 
solution made by adding 2 or 3 drops of stannous chloride 
solution to about 5 cubic centimeters of concentrated hydro- 
chloric acid. This is known as Bettendorff’s test and results 
are most readily obtained by it when the reaction mixture is 
heated. 

5. Copper, brightly polished, when placed in an arsenious 
solution, that contains hydrochloric acid, becomes coated with 
a gray film of copper arsenide, Cus;Aso, on boiling, 
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ARSENIC COMPOUNDS 


62. Preparation of Arsenic Solution.—A solution that will 
be satisfactory for the arsenic reactions may be made by dis- 
solving about 5 grams of sodium arsenate, Na,H AsO,-12H,0, 
in 100 cubic centimeters of water to which about 5 cubic centi- 
meters of concentrated hydrochloric acid have been added. 


63. Wet Reactions.—An arsenic solution reacts with 
reagents as follows: 

1. Hydrogen sulphide gives no precipitate with neutral 
solutions, but if considerable hydrochloric acid is added, the 
hydrogen sulphide slowly reduces the arsenic solution to 
arsenious, and yellow arsenious sulphide, As.S3, is formed. 
This reaction is greatly helped by heating the solution. The 
arsenic trisulphide is soluble in ammonia and ammonium 
sulphide; but a little free sulphur, precipitated during the 
reduction, usually remains in the solution, giving it a milky 
appearance. From this solution arsenic trisulphide is reprecipi- 
tated by hydrochloric acid. 

2. Silver nitrate, when added to neutral arsenate solu- 
tions, produces a characteristic reddish-brown precipitate of 
silver arsenate, Ag3;AsQO,, which is soluble in nitric acid and 
in ammonia. 

3. Magnesium salts, under the proper conditions, precipi- 
tate white, crystalline magnesium ammonium arsenate, 


NaH AsOs+MgSO:+ NH,CI+NH,0OH 
=> MeN HiAsOi+ Na,SOi+ N H,Cl-+ H20 


To obtain the precipitate, a little magnesium-sulphate solu- 
tion is placed in a test tube, and precipitated with an excess of 
ammonia. Just enough ammonium chloride is added to dis- 
solve the precipitate thus formed, and a little of this solution is 
added to a little arsenate solution in another test tube. If 
the solutions are dilute, the precipitate forms slowly, but is 
hastened by vigorous shaking. 

4. Ammonium molybdate, in nitric acid solution, when 
introduced into a hot solution of an arsenate, produces a 
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yellow precipitate of ammonium arsenomolybdate. The equa- 
tion representing the reaction may be written, 


NaeH AsOg+ 12(NH4)2Mo004+ 23HNO3 
= (NH4)3AsOs-12M003+ 2NaNO3+ 21NH4NO3+ 12H.O0 


The precipitate is insoluble in nitric acid but dissolves 
readily in ammonium hydroxide or in solutions of the caustic 
alkalies. 

5. Copper sulphate precipitates greenish-blue copper arsen- 
ate from a solution made slightly alkaline by the addition of a 
caustic alkali. A solution made by dissolving sodium arsen- 
ate in water omitting the addition of hydrochloric acid will 
also give the reaction, 


NajH AsOu+ CuSO, = CuH AsOs+NaSO4 


The precipitate is soluble in acids and in ammonium hydroxide. 


BARIUM 


64. General Properties and Solubilities——Barium is a 
silver-white malleable metal with a specific gravity of 3.7, 
melts at 850° C., and boils at 950° C. It is stable in dry air 
but oxidizes rapidly in moist air. 

Barium is soluble in acids and in water, both of which are 
decomposed by it with the evolution of hydrogen. 


65. Preparation of Barium Solution.—A satisfactory solu- 
tion for the barium reactions is made by dissolving about 2 grams 
of barium chloride crystals, BaCl-2H.O, in 100 cubic centi- 
meters of water and adding a drop or two of dilute hydrochloric 
acid. 

Barium chloride is soluble to the extent of 35 parts in 100 
parts of cold water and 70 parts in 100 parts of hot water. 


66. Dry Reactions.—Barium compounds cannot be reduced 
on the charcoal before the blowpipe, but when heated to a 
high temperature, they become incandescent. Volatile barium 
salts, such as the chloride, when brought in contact with a 
colorless flame impart to it a greenish color. The flame test 
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may be made by immersing the loop of a platinum wire in a 
barium chloride solution and then bringing the loop, which 
contains a drop of the solution, in contact with the outer edge 
of the flame. 


67. Wet Reactions.—A barium solution reacts with 
reagents as follows: 

1. Ammonium hydroxide does not precipitate barium from 
its solutions. 

2. Ammonium carbonate and soluble carbonates precipitate 
white barium carbonate, the precipitation being aided by 
heating the solution, 


BaCl,+ (NH1)2CO3 => BaCO3+2NAH.Cl 


The precipitate is soluble in solutions of ammonium salts and 
in nitric and hydrochloric acids. 
3. Ammonium oxalate precipitates white barium oxalate, 


BaClp+ (N H,1)2C204 => BaC,O4+2N HCl 


The precipitate is sparingly soluble in water but is appreciably 
soluble in solutions of ammonium chloride. It is also soluble 
in nitric, hydrochloric, oxalic, and acetic acids. 

4. Sodium hydroxide does not give a precipitate from ordi- 
nary barium solutions, but precipitates white barium hydroxide, 
Ba(OH),, from very strong solutions. 

5. Alkali chromates precipitate yellow barium chromate 
from neutral solutions, 

BaClh,+ K2CrO4= BaCrO4+2KCl 
The precipitate is readily soluble in nitric and hydrochloric 
acids but is sparingly soluble in water and acetic acid. 

6. Potassium dichromate precipitates yellow barium chro- 
mate best from solutions that contain an acetate, 

2 BaCl,+ K2Cr20, + 2NaCH 302+ H2O0 
=2BaCr04+-2KC1+ 2NaCl+ 2HC2H 302 

7. Sulphuric acid and soluble sulphates precipitate white 
barium sulphate, 

BaCl+ H2,SO,= BaSOi;+ 2HCl 
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The precipitate is soluble in hot, concentrated sulphuric acid, 
but is practically insoluble in all other acids. 

8. Sodium phosphate, Na,H PO, precipitates white barium 
hydrogen phosphate from neutral and alkaline solutions, 


BaCh+Na.H PO,= BaH POs+2NaCl 


The precipitate is very soluble in hydrochloric, nitric, or 
acetic acid, so that in a solution containing free acid, no 
precipitate is formed. Such a solution may have the acid 
neutralized by ammonia, after which it may be precipitated 
by the phosphate. 


BISMUTH 


68. General Properties and Solubilities—Bismuth is a 
hard, brittle, brilliant metal of a reddish-white color. Ithasa 
great tendency to crystallize when melted. Owing to a slight 
superficial oxidation, the crystals, as usually obtained, are 
beautifully iridescent. 

Bismuth has a specific gravity of 9.747. It melts at 268° C. 
and expands one thirty-second of its volume on solidifying. 
It may be distilled at white heat. 

Bismuth is not acted on by dry air, but is tarnished by moist 
air. Strongly heated, it takes fire, burning with a bluish-white 
flame and forming bismuth trioxide, Bi.0s3. 

Bismuth is not dissolved by hydrochloric acid or cold sul- 
phuric acid. Warm sulphuric acid dissolves it with the 
evolution of sulphur dioxide. The proper solvent for bismuth, 
however, is nitric acid. 


69. Preparation of Bismuth Solution—A solution that 
will be satisfactory for the bismuth reactions may be prepared 
by adding to 5 cubic centimeters of concentrated nitric acid in 
a beaker, about 5 grams of bismuth nitrate, Bz(NO3)53-5H20, 
crystals and then about 25 cubic centimeters of water. After 
the crystals have dissolved, the solution may be diluted to 
100 cubic centimeters. If a precipitate should form during 
dilution, add sufficient nitric acid, drop by drop, to dissolve it. 

All normal bismuth salts are decomposed by water, with the 
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formation of basic salts. The decomposition is prevented by 
the addition of a little of the acid that corresponds to the 
acid radical of the salt. 


70. Dry Reactions.—Bismuth is easily fused on the 
charcoal before the blowpipe, a globule of the metal being 
formed and a yellow incrustation of bismuth oxide being 
deposited. Mixtures of bismuth salts with sodium carbonate, 
when heated on the charcoal before the blowpipe, produce a 
button of metallic bismuth surrounded by a yellow incrustation 
of the oxide. 


71. Wet Reactions.—A bismuth solution reacts with 
reagents as follows: 
1. Alkali hydroxides precipitate white bismuth hydroxide, 


Bi(NO;)3+3NaOH = Bi(OH);+3NaNO; 


The precipitate is insoluble in an excess of the reagent but 
dissolves in acids. 

2. Alkalt carbonates precipitate white, basic bismuth car- 
bonates, the compositions of which depend on the temperature 
of the solution and its concentration. 


2Bi(NO3)3+3Na,CO3= BO2CO3;+6NaNO3+2C0; 

The precipitate is insoluble in an excess of the reagent. 

3. Hydrogen sulphide and soluble sulphides precipitate 
dark-brown bismuth sulphide, 

2Bi(NO3)3+3He2S = BeS3;+6HNO; 

The precipitate is insoluble in cold, dilute acids and in ammo- 
nium sulphide but is dissolved by hot, dilute nitric acid and by 
boiling, concentrated hydrochloric acid. 

4. Potassium dichromate precipitates orange-red bismuthy] 
dichromate, 


2Bi(NO3)3+ KeCr207;+ 2H20 = (BiO)2Cr20,+2KNO3+4HNO; 


The bismuth is completely precipitated when an excess of the 
potassium chromate is used and to insure an excess of 
the reagent, the bismuth solution is added to the solution of the 
latter. 
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The precipitate is soluble in moderately concentrated 
acids but is insoluble in solutions of the alkalies. 

5. Alkali stannites obtained by treating stannous chloride 
with just enough caustic alkali solution to redissolve the precipi- 
tate first formed, precipitate black, metallic bismuth. 


2Bi(NOs3)3+3Na2Sn0.+6Na0H =2Bi+6NaNO3+3NaSn03 
+3H20 


6. Potassium iodide precipitates black bismuth iodide, 
Bi(NO3)3+3KI = Bil3+38KNO3 


The precipitate is soluble in an excess of the reagent. 
7.. Water, in large quantities, precipitates white bismuth 
oxynitrate from solutions that are not too strongly acid, 


To make the test, a test tube is nearly filled with water, and 
2 or 3 drops of the bismuth solution is added to it. If this 
solution is not too strongly acid, a precipitate will be formed 
almost immediately. If it does not appéar in a few seconds, a 
little ammonium chloride should be added, when, if the solu- 
tion does not contain a large amount of acid, a precipitate 
will form of oxychloride, which is more easily precipitated 
than the oxynitrate. 


CADMIUM 


72. General Properties and Solubilities—Cadmium is a 
white, rather soft metal, that has a specific gravity of 8.7 and 
melts at 320°C. It is not altered by the action of the air at 
ordinary temperatures but when heated in contact with the 
air, it is converted to brown cadmium oxide. 

Cadmium is slowly attacked by hot dilute hydrochloric and 
sulphuric acids, hydrogen being evolved. It dissolves readily 
in nitric acid with the formation of the nitrate. 


73. Preparation of Cadmium Solution.—A solution for 
the cadmium reactions may be prepared by dissolving about 
5 grams of cadmium nitrate crystals in 100 cubic centimeters 
of water to which has been added a drop or two of concen- 
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trated nitric acid. Cadmium nitrate is soluble to the extent 
of 140 parts in 100 parts of cold water. 


74. Dry Reactions.—Cadmium fuses easily on the char- 
coal before the blowpipe, a brown incrustation of the oxide 
being deposited. The oxide is volatile and may be driven 
from place to place on the charcoal by directing the blowpipe 
flame upon it. 

Cadmium compounds, mixed with sodium carbonate and 
heated on the charcoal before the blowpipe, are reduced to the 
metal and a brown incrustation of the oxide is formed on the 
charcoal. 


75. Wet Reactions.—A cadmium solution reacts with 
reagents as follows: 

1. Ammonium hydroxide does not usually give a precipitate 
in cadmium solutions, but if a single drop of dilute ammonia is 
added to a rather strong neutral solution, a white precipi- 
tate of cadmium hydroxide, Cd(OH)>, is obtained. This precipi- 
tate is very soluble in ammonia, and its formation is prevented 
by the presence of ammonium salts. 

2. Ammonium carbonate precipitates white cadmium car- 
bonate, CdCO3, which is quite readily dissolved in an excess 
of the ordinary reagent, owing to the ammonia which it con- 
tains. The precipitate would be but slightly attacked by the 
carbonate alone. On boiling, the ammonia is driven off and 
precipitation is complete. 

3. Alkali hydroxides precipitate white cadmium hydroxide, 


Cd(NO3)2+2Na0H =Cd(OH).+2NaNO3 


The precipitate is insoluble in an excess of the reagent. 

4. Alkali carbonates precipitate white cadmium carbonate, 
insoluble in an excess of the reagent, but soluble in ammonium 
hydroxide and in acids. Heating the solution aids in the 
formation of the precipitate. 

5. Hydrogen sulphide and soluble sulphides precipitate yel- 
low cadmium sulphide from neutral, acid or alkaline solutions. 


Cd(NO3)2+H2S =CdS+2HNO; 
ILT 17C—5 
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The precipitate is insoluble in an excess of the reagent and in 
ammonium hydroxide. It is soluble in hydrochloric acid 
and in hot, dilute nitric and sulphuric acids. 
6. Ammonium perchlorate precipitates cadmium perchlo- 
rate, 
Cd(NO3)2+2N H.ClOg a Cd(ClO4)2+2N HiNO3 


ee 
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(PART 2) 


DEPORTMENT OF THE METALS WITH REAGENTS 
(Continued) 


CALCIUM 


1. General Properties and Solubilities—Metallic calcium 
varies in color from a silver-white to a light yellow. It is 
very ductile and malleable. On exposure to moist air it is 
oxidized, the oxide and hydroxide being formed. Dry air 
has no action on it. The specific gravity of calcium is 1.57. 

Calcium decomposes water and acids with the evolution 
of hydrogen, the hydroxide and the calcium salt of the acid 
being formed. 


2. Preparation of Calcium Solution.—A solution that will 
be satisfactory for the calcium reactions may be prepared by 
dissolving about 5 grams of anhydrous calcium chloride in 
100 cubic centimeters of water to which one or two drops 
of concentrated hydrochloric acid have been added. 

Anhydrous calcium chloride is soluble to the extent of 
59 parts in 100 parts of cold water and 150 parts in 100 parts 
of hot water. 


3. Dry Reactions.—Calcium compounds when mixed 
with sodium carbonate and heated on the charcoal before 
the blowpipe are reduced to the oxide. The oxide is infusible 
but becomes incandescent at high temperatures and gives rise 
to what is known as the calcium light. All volatile calcium 
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compounds impart a brick-red color to the gas flame. To 
obtain this test it is merely necessary to bring a drop of the 
calcium chloride solution, held on the loop of a platinum 
wire, into the flame. 


4, Wet Reactions——A calcium solution reacts with 
reagents as follows: 

1. Ammonium hydroxide does not precipitate calcium from 
its solutions. 

2. Fixed alkali hydroxides precipitate white calcium 
hydroxide, Ca(OH),, which is slightly soluble in water. 
Hence, in very dilute solutions of calcium salts no precipitate 
is formed. 

3. Fixed alkali carbonates and ammonium carbonate pre- 
cipitate white calcium carbonate, CaCO,, which is easily 
soluble in dilute acids. Heat aids the precipitation. 

4. Alkali chromates do not precipitate calcium from dilute 
solutions. 

5. Sulphuric acid precipitates white calcium sulphate, 
CaSO,, from concentrated solutions. As this is quite soluble 
in water, unless the solution is very strong, the precipitate 
forms slowly, and if the solution is dilute, no precipitate is 
formed. 

6. Ammonium oxalate precipitates white calcium oxalate, 


CaCl, +(NH,),C,0,=CaC,0,+2NH,CI 


The precipitate is insoluble in acetic acid, but easily soluble 
in hydrochloric or nitric acid. The presence of free ammonia 
and heating both favor the formation of this precipitate. 

7. Sodium phosphate produces a white precipitate. If the 
calcium solution is neutral, the precipitate formed is secondary 
calcium phosphate, 


CaCl, +Na,HPO,=2NaCI+CaHPoO, 
If the solution is alkaline, the precipitate formed is the 
normal calcium phosphate, 


3CaCl,+2Na,HPO,+2NH,OH =Ca,(PO,),+4NaCl 
+2NH,C1+2H,0 
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In either case, the precipitate is soluble in dilute acids and 
from the solution thus formed, normal calcium phosphate is 
reprecipitated on neutralization with ammonium hydroxide, 


CHROMIUM 


REACTIONS OF THE METAL 


5. General Properties and Solubilities—Chromium is a 
light gray or tin-white, lustrous, non-magnetic, crystalline 
metal. It is very hard, is melted with difficulty and is only 
slowly oxidized when heated in air. When heated in oxygen 
or in the oxyhydrogen flame it burns to chromic oxide, 
Cr,O,. Chromium has a specific gravity of 6.81 and melts 
He pee OA Ge 

Chromium is soluble in hydrochloric acid and in dilute 
sulphuric acid. It is insoluble in concentrated sulphuric acid 
or in dilute or concentrated nitric acid. 

Chromium forms five principal series of compounds in two 
of which, chromous and chromic compounds, it acts as a 
metal and in the remaining three, designated as chromites, 
chromates and dichromates, it acts as an acid. Chromous 
compounds are very unstable and since neither they nor the 
chromites are of great importance to the analytical chemist, 
they will not be discussed at greater length. 


6. Preparation of Chromium Solution—A solution that 
wili be satisfactory for the chromium reactions may be pre- 
pared by dissolving about 5 grams of chrome alum, C7,(SO,);° 
K,SO,°24H,0O, in 100 cubic centimeters of water to which 
has been added a drop or two of concentrated sulphuric acid. 

Chrome alum is soluble to the extent of 20 parts in 100 parts 
of cold water and 50 parts in 100 parts of hot water. 


Y. Dry Reactions——Chromium compounds impart a yel- 
lowish-green color to the hot borax bead. The color changes 
to an emerald green on the cooling of the bead. To make 
the test, heat the loop of the platinum wire and quickly dip 
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it into borax, which will cling to the heated wire. This is 
then heated in the hottest part of the flame of a Bunsen burner, 
or in the blowpipe flame, until it is thoroughly fused and 
looks like a glass bead. It is now touched to a very small 
piece of chromium compound, which will adhere to the soft, 
hot bead, and is again placed in the hottest part of the flame 
of the burner or the blowpipe until it is thoroughly fused. 
If the proper amount of the substance was taken, the bead 
will now assume the green color. The beginner must learn 
from experience the proper amount to take, but should guard 
against taking too large a quantity. 

A little of one of the chromium precipitates, obtained as 
a result of the wet reaction, may be tested on the bead in 
this way, or enough of a rather strong chromium solution 
will adhere to the bead, especially if the bead is dipped into 
it several times, to give it a good color. 


8. All chromium compounds, when fused on the platinum 
foil with sodium carbonate and potassium nitrate, are oxidized 
to chromates. To perform the operation, bend the platinum 
foil into the form of a spoon and place on it about 1 cubic 
centimeter of dry sodium carbonate, and a little more than 
half as much potassium nitrate. To this add a piece of the 
wet chromium precipitate about half as large as a pea, or a 
much smaller piece of the dry precipitate. By means of the 
forceps, hold this in the hottest part of the Bunsen flame 
until it is thoroughly fused. When cool, place the foil and 
fusion mixture in a small beaker, or other convenient vessel, 
and dissolve off the melt in equal parts of water and acetic 
acid, using only such a quantity as is necessary to dissolve it, 
and boil until all carbon dioxide is driven off. The chromium 
exists in the solution as an alkaline chromate, and gives the 
solution a slightly yellow color. From this solution lead acetate 
precipitates yellow lead chromate, which is easily soluble in 
sodium hydroxide. 


9. Wet Reactions—A chromium solution reacts with 
reagents as follows: 
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1. Alkali hydroxides and carbonates precipitate gelatinous 
chromium hydroxide, which may be grayish-green ‘or grayish- 
blue in color, depending on the conditions under which the 
reaction was carried out, 


Cr,(SO,)3°K,SO,+6NaOH =2Cr(OH),+3Na,SO, 
“Thess .O > 
The precipitate is slightly soluble in an excess of ammonium 
hydroxide, the part that dissolves imparting a reddish color 
to the solution. It may be reprecipitated by boiling off the 
excess of ammonia. It is soluble in an excess of the fixed 
alkalies, a green-colored solution of a chromite being formed, 


Cr(OH),+NaOH = NaCrO,+2H,O 


2. Ammonium sulphide precipitates grayish-green chromium 
hydroxide, 
CASO ,),*K, SO, 3 (Nass 10H .O=2Cr( Of), 
+3( NA) SO,;7 KRDO --3n3S 


The precipitate is very slightly soluble in an excess of the 
reagent. 


CHROMATES AND DICHROMATES 


10. Preparation of Solution—A solution that will be 
satisfactory for the chromate reactions may be prepared by 
dissolving about 5 grams of potassium chromate in 100 cubic 
centimeters of water. For the dichromate reactions, a solu- 
tion may be prepared by dissolving about 5 grams of potassium 
dichromate in 100 cubic centimeters of water. 

Potassium chromate is soluble to the extent of 60 parts in 
100 parts of cold water and 80 parts in 100 parts of hot 
water. Potassium dichromate is soluble to the extent of 
4 parts in 100 parts of cold water and 100 parts in 100 parts 
of hot water. Chromate solutions are yellow and dichromate 
solutions are orange-red in color. 


41. Wet Reactions——Chromate and dichromate solutions 


react with reagents as follows: 
1. Hydrochloric acid reduces chromates and dichromates 
to green chromium chloride. In the case of chromates, chlorine 
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is evolved on boiling the solution. With dichromates the 
reaction takes place more readily in the presence of alcohol, 
stannous chloride, or other easily oxidized substances. 


2K,CrO,+16HC1=2CrCl,+4KC1+3Cl,+8H,O 


K,Cr,0,+3C,H,OH+8HCI=2CrCl,+2KCI 
4+3CH,CHO+7H,0 


K,Cr,O, +3S5nCl,+14HCl=2CrCl,+3SnCl, 
+2KCI+7H,0 


2. Hydrogen sulphide reduces chromates and dichromates 
to chromium hydroxide, sulphur being precipitated, 


2K,CrO,+5H,S =2Cr(OH),+2K,S+35+2H,O 
2K,Cr,0,+8H,S =4Cr(OH),+2K,S+65+2H,O 


3. Ammonium sulphide reduces chromates and dichromates, 
chromium hydroxide and sulphur being precipitated and 
ammonia being evolved, 

2K,Cr0O,+3(NH,),S+2H,0 =2Cr(OH),+4KOH 
+3SenGN Es 
K,Cr,0,+3(NH,),S+H,O0 =2Cr(OH),+2KOH 
+3S+6NH, 


4. Hydrogen peroxide when added to a cold, alkaline solu- 
tion of potassium chromate, colors the latter red, owing to 
the formation of the potassium salt of perchromic acid, 
FACTO 

2K,CrO,+7H,0,+2K OH =2K,CrO,+8H;0 


The potassium perchromate gradually decomposes, however, 
oxygen being evolved, and the original yellow color of the 
chromate solution returns. 

If the reagent is added to a cool, neutral solution of potassium 
dichromate, the resulting solution becomes violet in color, 


KCr,0,-0H,0,=2KH,CrO7 4 3H.O 
The salt formed by the reaction is unstable and the violet 
color gradually disappears and the dichromate color returns 


to the solution. The perchromates produced by the foregoing 
reactions are insoluble in ether. Therefore, their colors are 
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not imparted to ether when their solutions are shaken with 
the latter. 

When hydrogen peroxide that contains a little sulphuric acid 
is added to a potassium chromate solution, however, a per- 
chromate, K,;CrO,,, which has an intense blue color, is pro- 
duced. This particular perchromate is soluble in ether and 
imparts its color to it. The reaction serves as a very delicate 
test for chromic acid and may be carried out as follows: 

Add about 4 or 5 drops of dilute sulphuric acid to a mix- 
ture consisting of about 2 cubic centimeters of hydrogen 
peroxide and 2 cubic centimeters of ether, contained in a test 
tube. Shake the mixture and then add from 5 to 10 drops 
of the chromate solution to it and shake again. The upper 
ethereal layer in the test tube becomes intensely blue in color. 

5. Lead acetate precipitates yellow lead chromate from 
chromate and dichromate solutions, 


K,Cr0,+Pb(C,H,0,),=PbCr0,+2KC,H,0, 
fo Cr, -- er o(C,H,0,)51+H,O =2P0C7O--2hGsH,0; 
“++2HC Heo: 

The precipitate is insoluble in acetic acid but dissolves in 
nitric acid. 

6. Barium chloride precipitates barium chromate from 
chromate solutions, 

K,Cr0O,+BaCl,=BaCrO,+2KCl 


The same compound is completely precipitated from 
dichromate solutions in the presence of alkali acetates, 
K.Cr,0,+2BaCl,+2KC,H,O,+H,O =2BaCrO,+4KCl 
‘eeli CoO, 


Barium chromate is insoluble in acetic acid but dissolves 
in mineral acids. 


COBALT 


12. General Properties and Solubilities—Cobalt is a 
silver-white metal, slightly tinged with red. It is harder than 
either iron or nickel, is malleable, and very ductile, and is 
magnetic. It melts at 1,478° C., has a granular fracture and 
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a specific gravity of 8.7. The compact metal does not change 
at the ordinary temperature, but the powder oxidizes very readily 
in the air. Dilute solutions and crystalline salts of cobalt are 
pink. Concentrated solutions, solutions that contain strong 
acids in large quantity, and the anhydrous salts of cobalt are 
blue in color. 

Cobalt is slowly dissolved by hydrochloric and sulphuris 
acids but dissolves readily in nitric acid. 


13. Preparation of Cobalt Solution.—A solution that will 
be satisfactory for the cobalt reactions may be prepared by 
dissolving about 5 grams of cobalt nitrate crystals, Co(NO,).° 
6H,O, in 100 cubic centimeters of water to which has been 
added a drop or two of nitric acid. Cobaltous nitrate is 
soluble to the extent of 130 parts in 100 parts of cold water. 


14. Dry Reactions.—Compounds of cobalt impart a deep- 
blue characteristic color to borax and microcosmic salt beads 
made as described under Chromium. Cobalt compounds mixed 
with sodium carbonate and heated on the charcoal before the 
blowpipe are reduced to metallic cobalt, which is magnetic. 


15. Wet Reactions—A cobalt solution reacts with 
reagents as follows: ; 

1. Ammonium hydroxide precipitates a blue, basic salt 
which is soluble in an excess of the reagent. The presence 
of free acid or of ammonium salts in the cobalt solution will 
prevent precipitation. 

2. Sodium hydroxide and potassium hydroxide precipitate 
blue, basic salts, 


Co(NO;),+NaOH =Co(OH)NO,+NaNO, 
On warming the solution, the basic salt is decomposed, pink 
cobaltous hydroxide being formed, 
Co(OH)NO,+NaOH =Co(OH),+NaNO, 


On standing, the pink cobaltous hydroxide soon changes to 
brown cobaltic hydroxide. 

3. Fixed alkali carbonates precipitate a reddish basic cobalt 
carbonate that is insoluble in an excess of the reagent. 


QUALITATIVE ANALYSIS, PART 2 9 


4. Ammonium carbonate precipitates a reddish basic cobalt 
carbonate that is soluble in an excess of the reagent. 

5. Hydrogen sulphide does not precipitate cobalt from acid 
solutions, but from neutral solutions that contain an alkali 
acetate it completely precipitates black cobalt sulphide. Hydro- 
gen sulphide also completely precipitates cobalt as sulphide 
from an ammoniacal solution. The reaction is.due to the 
formation of ammonium sulphide. 

6. Ammonium sulphide and alkali sulphides precipitate 
black cobalt sulphide. The precipitate is insoluble in an excess 
of the reagent, sparingly soluble in dilute hydrochloric acid, 
but it is dissolved by concentrated nitric acid and by aqua 
regia. 

7. Potassium nitrite precipitates yellow potassium cobaltic 
nitrite, from acetic acid solutions, 


Co(NO,),+6KNO,+HNO,+HC,H,0,=K,Co(NO,)g 
+2KNO,+KC,H,0,+H,O+NO 


To make the test, add ammonium hydroxide to the cobalt 
solution till a slight precipitate is formed. Dissolve the pre- 
cipitate in a slight but distinct excess of acetic acid, and to 
the solution add a stick of potassium nitrite from 1 to 2 inches 
long, and stand aside for some time in a rather warm place. 
The cobalt is completely precipitated from a strong solution 
in a short time, and somewhat more slowly from a dilute one. 

8. Nitroso-g-naphthol, C,H.NO-OH, completely precipi- 
tates cobalt as cobalti-nitroso-g-naphthol, Co(C,,H,NO-O),, 
from hot solutions that contain a little hydrochloric acid. 

9. Ammonium thiocyanate, (NH,)CNS, when added to 
strong cobalt solutions, produces a blue color, due to 
the formation of ammonium cobaltothiocyanate, (NH,)," 
Co(CNS),. On diluting the solution with water, the blue 
color disappears. If a mixture of equal parts of amyl alcohol 
and ether are added, however, and the solution agitated, the 
blue color reappears in the upper layer of alcohoi and ether. 
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COPPER 


16. General Properties and Solubilities—Copper is a 
lustrous metal of a peculiar red color and which, in thin 
sheets, transmits a greenish-blue light. Its specific gravity 
is 8.95 and it melts at 1,065° C. Copper remains unaltered 
in dry air at ordinary temperatures, but in the presence of 
moisture, it is attacked by the carbon dioxide of the air. At 
high temperatures it is readily oxidized with the formation 
of cuprous or cupric oxide, depending on whether the metal 
or oxygen is in excess. 

Sulphuric and hydrochloric acids have no action on copper 
in the cold, and the action of hydrochloric acid, even when hot, 
is very slow. On the other hand, hot sulphuric acid attacks 
copper rapidly. Nitric acid dissolves copper no matter what 
the temperature or concentration of the acid may be. 


1%. Preparation of Copper Solution.—A solution that will 
be satisfactory for the copper reactions may be prepared by 
dissolving about 5 grams of copper sulphate crystals, CuSO, ° 
5H,O, in 100 cubic centimeters of water to which a drop or 
two of sulphuric acid has been added. Copper sulphate is 
soluble to the extent of 30 parts in 100 parts of cold water 
and 200 parts in 100 parts of hot water. 


18. Dry Reactions.—Copper compounds when heated on 
the charcoal before the blowpipe are reduced to the metal. 

When heated in the oxidizing flame, copper compounds color 
the borax and microcosmic salt beads green when hot, and 
blue when cold. Heated in the reducing flame, the borax bead 
is colorless and the microcosmic salt bead is green when hot. 
Both have a reddish-brown color when cold, owing to the 
separation of metallic copper. Copper salts impart a green 
or blue color to the Bunsen flame. 


19. Wet Reactions—A copper solution reacts with 
reagents as follows: 

1. Ammonium hydroxide when carefully added to a copper 
solution, precipitates a light-blue basic salt that is soluble in 
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an excess of the reagent, and gives a deep-blue color to the 
solution, owing to the formation of a basic cupric ammonium 
salt, 
2CuSO,1+2NH,OH =Cu,(OH),SO,+(NH,),SO, 
Cu,(OH),.SO,+6NH,OH+(NH,),SO, 
=2(NH,),Cu(OH),SO, 


2. Sodium hydroxide and potassium hydroxide precipitate 
light-blue cupric hydroxide, 


CuSO,+2Na0H =Cu(OH),+Na,S0, 


The precipitate is insoluble in an excess of the reagent but 
dissolves in ammonium hydroxide and in acids. On boiling 
the precipitate, it is converted into black cupric oxide. 

3. Alkali carbonates precipitate blue basic copper carbon- 
ate,CuCO,°Cu(Of),, 


2CuSO,+2Na,CO,+H,0=CuCO,-Cu(OH), 
+2Na,SO,+CO, 


The precipitate is converted into black cupric oxide on boil- 
ing. 

4. Hydrogen sulphide precipitates black cupric sulphide 
from slightly acid solutions. The precipitate is easily soluble 
in hot dilute nitric acid and is slightly soluble in ammonium 
sulphide. 

5. Potassium iodide precipitates white cuprous iodide, which, 
however, turns to a brown color because of the iodine liberated 
by the reaction. If a reducing agent, such as ferrous sulphate, 
is added with the potassium iodide, the liberation of iodine is 
prevented, 

2004S O,12K1+2FeSO,=2Cul + Ko SO.-e Fe, (SO,). 


6. Potassium ferrocyanide precipitates reddish-brown, 
cupric ferrocyanide, Cu,Fe(CN),, insoluble in dilute acids but 
soluble in ammonium hydroxide, 


2CuSO,+K,Fe(CN),=Cu,Fe(CN),+2K,S0, 
7. Iron, when placed in a copper solution, precipitates red, 


metallic copper. The reaction takes place rapidly from strong 
copper solutions that contain a little free acid. 
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8. Cupferron, or ammonium phenylnitrosohydroxylamine, 
C,H;N-NO:ONH,, precipitates the copper salt of phenyl- 
nitrosohydroxylamine, 

CuSO,1+-2C,H.N:NO-ONH,= Cul €,E3N'NO-O); 
“UN Ha), Sy 

The precipitate dissolves in ammonium hydroxide to form 

a blue solution. 


GOLD 


20. General Properties and Solubilities—Gold is a soft 
yellow metal which has a specific gravity of 19.32 and which 
melts without oxidization at 1,061° C. In malleability and 
ductility it surpasses all other metals; thus, it may be beaten 
into sheets so thin that they will transmit light. 

Dry or moist air at any temperature does not affect gold. 
It is not attacked by alkalies or any single acid. Aqua regia 
dissolves it readily, however. 


21. Preparation of Gold Solution.—A solution that will 
be satisfactory for the gold reactions may be prepared by dis- 
solving about .5 gram of chlorauric acid, HAuCls4H,O, or 
auric chloride, AuCl,, in 50 cubic centimeters of water to which 
a drop or two of concentrated hydrochloric acid has been added. 

Chlorauric acid is very soluble in either hot or cold water. 


22. Dry Reactions—-Compounds of gold when mixed 
with sodium carbonate and heated on the charcoal before the 
blowpipe, are reduced to the metal. The yellow color of the 
latter, when obtained from samples, the compositions of which 
are unknown, and its insolubility in acids, indicate gold. Con- 
clusions reached in this manner should be verified by dissolv- 
ing the metal in aqua regia and then applying tests for gold 
to the solution. 


23. Wet Reactions.—A gold solution reacts with reagents 
as follows: 

I Ammonium hydroxide precipitates a yellow mixture of 
gold iminoamide, AwNH-NH,, and gold _ iminochloride, 
AwNH:Cl, 
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2H AuCl, +10NH,OH = AwNH-NH,+ Au.NH.Cl 
+7NH,CI+10H,O 


When dry, the precipitate is extremely explosive and con- 
sequently is known as fulminating gold. Apparatus in which 
the reaction is carried out should be thoroughly cleaned before 
it is permitted to dry. 

2. Hydrogen sulphide precipitates brownish-black — gold 
disulphide, from cold solutions of gold, 


2H AuCl, +3H,S = Au,S,+8HCI+S 


The precipitate dissolves slowly in ammonium sulphide, but 
more readily in yellow ammonium sulphide, and solution is 
promoted by heat. 

Gold disulphide is not soluble in any single acid, but dis- 
solves readily in aqua regia. 

From hot gold solutions, hydrogen sulphide precipitates 
brown metallic gold, 


8H AuCl, +3H,S+12H,0 =84u+3H,SO,+32HCI 


3. Ferrous sulphate precipitates metallic gold in the form 
of a very finely divided reddish-brown powder, 


HAuCl,+3FeSO,= Aut Fe,(SO,),+FeCl,+HCl 


When viewed by transmitted light, the solution in which the 
gold is suspended, appears blue in color. 
4. Stannous chloride produces in very dilute gold solutions 
a purple precipitate known as purple of Cassius, 
2H AuCl,+4SnCl,+2H,O0 = pee kO’): 
+3SnCL+4H Cl 


The precipitate is decomposed by hydrochloric acid, with 
the separation of metallic gold. 

5. Sulphurous acid precipitates metallic gold, 

2H AuCl,+3H,SO,1+3H,0 =2Au+3H,S0,+8HCl 

6. Ovxalic acid, when added to a hot gold solution that does 
not contain too much acid, precipitates metallic gold, and 
carbon dioxide is evolved, 

2H AuCl,+3H,C,0,=2Aut+6C0,+8HCI 
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IRON 


FERROUS AND FERRIC COMPOUNDS 


24. General Properties and Solubilities—Pure iron is a 
brilliant silver-white metal that has a specific gravity of 7.8, 
melts at 1,530° C., and is strongly magnetic. It combines with 
the oxygen of the air at ordinary temperatures and exhibits 
the phenomenon known as rusting. 

Iron dissolves in all of the dilute mineral acids and in many 
organic acids. Hydrochloric acid is the best solvent for it, 
however. In contact with concentrated nitric acid, iron is 
rendered passive and the acid has no further action on it. The 
reaction is not yet well understood. 

Iron forms two important series of compounds, designated 
as ferrous, in which it is divalent, and ferric, in which it is 
trivalent. 


25. Dry Reactions—Compounds of iron, mixed with 
sodium carbonate and heated on the charcoal before the blow- 
pipe, are reduced to the metal, which may be recovered by 
means of a magnet. When subjected to the action of the 
oxidizing flame, the borax bead, containing iron, appears red 
while hot and pale yellow when cold. When the borax bead 
is held in the reducing flame for a long time, it becomes green 
in color. 


FERROUS COMPOUNDS 


26. Preparation of Ferrous Solution—A solution that 
will be satisfactory for the ferrous reactions is most con- 
veniently prepared by dissolving about 5 grams of ferrous sul- 
phate crystals, FeSO,7H,0O, in 100 cubic centimeters of water, 
to which about 1 cubic centimeter of concentrated sulphuric acid 
has been added. The solution when not in use should be 
kept in a tightly-stoppered bottle in order to prevent oxida- 
tion of the iron to the ferric state. A small wire nail placed 
in the bottle in contact with the solution will also tend to 
prevent oxidation. 


ye Ao 0 er 
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Ferrous sulphate is soluble to the extent of 32 parts in 


100 parts of cold water and 195 parts in 100 parts of hot 
water. 


2%. Wet Reactions—A ferrous solution reacts with 
reagents as follows: 
1. Ammonium hydroxide precipitates pale-gr 
hydroxide, ; : 
FeSO,+2NH,0H =Fe(OH),+(NH 


The precipitate is soluble in acids and i ‘solution of 
ammonium chloride. On standing exposed to’ fhe air it under- 
goes oxidation. Owing to partial oxidationffof the ferrous 
hydroxide to ferric hydroxide, the color of the precipitate 
becomes dark-green, the latter changing to a freddish-brown as 
oxidation becomes complete. 

2. Sodium hydroxide and potassium hydroxide produce the 
same precipitate as ammonium hydroxide. 

3. Alkali carbonates precipitate white ferrous carbonate, 

FeSO,+Na,CO,;=FeC0O,+Na,SO0, 

The precipitate almost immediately becomes green in color 
and on standing exposed to the air is oxidized to reddish- 
browr ferric hydroxide. 

4. Hydrogen sulphide does not precipitate iron from acid 
solutions of ferrous salts... If the ferrous solution is neutral, 
a small precipitate of blac ferrous sulphide is obtained. 

5. Ammonium sulphide precipitates black ferrous sulphide, 


FeSO,+(NH,) 9S =FeS+ (NH,) SO, 


The precipitate is soluble in acids. 

6. Potassium ferrocyanide precipitates white to light-blue 
potassium ferrous ferrocyanide, 

FeSO,+K,Fe(CN )e=K,Fe[Fe(CN).| +K,SO, 
7. Potassium ferricyanide precipitatesdeep-blue ferrous 
\U ferricyanide, f 4 
SOy+2K,Fe(C! )o= Fe,[Fe(CN )e]3+3K 2504 

igs insoluble, in dilute acids. 


is 
) 


ferrous 


i So) ; 
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FERRIC COMPOUNDS 


28. Preparation of Ferric Solution—A solution that will 
be satisfactory for the ferric reactions may be prepared 
by dissolving about 5 grams of ferric chloride, FeCl,617,0, 
in 100 cubic centimeters of water to which has been added 
about 1 cubic centimeter of concentrated hydrochloric acid. 

Ferric chloride is soluble to the extent of 246 parts in 100 
parts of cold water and is soluble in all proportions of hot 
water. 


29. Wet Reactions.— A ferric solution reacts with 
reagents as follows: 

1. Alkali hydroxides precipitate reddish-brown ferric 
hydroxide, 

FeCl, +3NH,OH = Fe(OH),+3NH,Cl 

The precipitate is insoluble in an excess of the reagent but 
is easily dissolved by acids. 

2. Alkali carbonates precipitate reddish-brown ferric 
hydroxide and carbon dioxide is evolved, 


2ReClr3(NH,),COsn 3,0 =2F e(OH). 
+6N ACLS CO; 
The precipitation is aided by boiling. 
3. Zinc oxide precipitates ferric hydroxide, 
2FeCl, +3ZnO +3H,O0 =2Fe(OH),+3ZnCl, 


4. Alkali sulphides precipitate greenish-yellow ferric 

sulphide, Fe,S,, from neutral solutions, 
2FeCl, +3(NH,) 25 =Fe,S,+-ON ACI 

The precipitate is soluble in acids, sulphur being liberated. 
In acid solution, the iron is reduced, and black ferrous sulphide 
is precipitated. 

5. Potassium ferrocyanide precipitates dark-blue ferric ferro- 
cyanide (Prussian blue), 


4FeCl,+3K,Fe(CN),=Fe,[Fe(CN)¢],+12KCl 


6. Potassium ferricyanide does not give a precipitate with 
solutions of ferric salts. 


> 
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7. Potassium thiocyanate, when added to the solution of a 
ferric salt, produces a deep-red color owing to the formation 
of soluble ferric thiocyanate, Fe(CNS),. The reaction is very 
delicate, mere traces of a ferric compound giving a distinct 
color. 


LEAD 


30. General Properties and Solubilities—Lead is a soft, 
brilliant, bluish-white metal that leaves on paper a bluish-gray 
streak, is very malleable and slightly ductile, and tarnishes 
in moist air. It has a specific gravity of 11.37, crystallizes 
in regular octahedrons, melts at 328° C., and volatilizes at a 
bright-red heat. At a white heat it may be distilled. It has 
but a feeble tenacity. A wire 2 millimeters in diameter will 
support only a weight of 9 kilograms. Its freshly cut surface 
remains bright in perfectly dry air and also in water free 
from air. 

Lead readily dissolves in hot, dilute nitric acid. If con- 
centrated nitric acid is used, white lead nitrate is formed which 
is insoluble in the concentrated acid, but which will dissoive 
when the acid is diluted. 

Dilute and concentrated sulphuric acids attack lead super- 
ficially; that is, a film of lead sulphate is formed on the sur- 
face of the lead which protects the metal under it from further 
action. Hot concentrated sulphuric acid dissolves lead slowly. 

Hot concentrated hydrochloric acid and dilute hydrochloric 
acid have an action on lead similar to that of concentrated and 
dilute sulphuric acids. 

The halogens attack lead readily and form the correspond- 
ing halogen salts. 


31. Preparation of Lead Solution.—A lead solution, satis- 
factory for the wet reactions, may be prepared by dissolving 
about 5 grams of lead nitrate crystals in 100 cubic centimeters 
of distilled water. To this solution add about 5 drops of con- 
centrated nitric acid. 

Lead nitrate is soluble to the extent of 39 parts in 100 parts 
of cold water and 139 parts in 100 parts of hot water. 
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32. Dry Reactions—Lead fuses easily on the charcoal 
before the blowpipe, giving the flame a pale, bluish tinge and 
forming a yellow incrustation of the oxide, PbO, on the char- 
coal. Lead compounds, when heated with sodium carbonate 
on the charcoal, yield a malleable button of lead and the char- 
acteristic incrustation of lead oxide on the charcoal is present. 


33. Wet Reactions.—Reagents react with lead solutions 
as follows: 

1. Ammonium hydroxide precipitates white lead hydroxide 
that is insoluble in an excess of the reagent, 


Pb(NO,),+2NH,O —Pb(O8 )xeaNiINO, 
2. Sodium hydroxide and potassium hydroxide precipitate 


white lead hydroxide that is soluble in an excess of the reagent, 
a plumbite of the alkali metal being formed, 


Pb(OH),+2Na0H = Na,PbO,+2H,0 
3. Alkali carbonates precipitate white basic lead carbonate, 
SPDINO YN GC Oot, O =F. COH (CO. ). 
+6NaNO,+CO, 
The composition of the precipitate will vary according to 


the conditions under which it was formed. 
4. Alkali bicarbonates precipitate the normal carbonate, 


Pb(NO,),+2NaHCO,=PbCO,+2NaNO,+CO,+H,0O 


5. Hydrogen sulphide and the soluble sulphides precipitate 
black lead sulphide from neutral, acid, or alkaline lead solu- 


tions, Pb(NO;),- HS =PbS +2HNO, 


The precipitate is insoluble in cold, dilute (5 per cent.) 
solutions of acids and alkalies. It is dissolved, however, in 
dilute (15 per cent.) boiling nitric acid. Some of the sulphur 
is also oxidized to sulphuric acid, which results in the forma- 
tion of a precipitate of lead sulphate, 


3PbS+8HNO,=3Pb(NO,),+35+2N0+4H,0 
3PbS+8HNO,=3PbSO0,+8NO0+4H,O 


Oxidation of sulphur to sulphuric acid always results when 
sulphides are dissolved in nitric acid. The extent of the oxida- 
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tion depends on the concentration and temperature of the acid 
and on the length of time that it is in contact with the sulphur. 

When hydrogen sulphide is passed into a lead solution that 
contains much free hydrochloric acid, a red precipitate of lead 
sulphochloride may be obtained, which, however, is almost 
immediately converted into lead sulphide by the continued 
action of hydrogen sulphide, 

2 OCN-Os); HS +z Cl= Pb SCI +4bn oO, 
PO;S Cl -AHES =ZP0S FZH CL 


6. Hydrochloric acid and soluble chlorides precipitate white 
lead chloride from not too dilute lead solutions, 
Pb(NO,),+2HCl=PbCl,+2HNO, 


Lead chloride is sparingly soluble in cold water but dis- 
solves readily in hot water. On cooling the solution thus 
obtained, the lead chloride crystallizes in the form of needles 
or plates. 

7. Sulphuric acid and soluble sulphates precipitate white 
lead sulphate from lead solutions, 

Pb(NO;).1-HLS0,=PbSO.-2HNO, 


Lead sulphate is only very slightly soluble in water or in 
water that contains a trace of sulphuric acid and is insoluble 
in alcohol. It is slightly soluble in hot, dilute nitric acid or 
hydrochloric acid and dissolves readily in solutions of the 
caustic alkalies and in solutions of the ammonium salts of 
organic acids, such as ammonium acetate, ammonium tartrate, 
and ammonium citrate. From the resulting solutions, lead 
may be precipitated as a sulphide, a sulphate, or a chromate on 
introduction of hydrogen sulphide, sulphuric acid, or a soluble 
chromate such as potassium chromate. 

8. Chromic acid and alkali chromates precipitate yellow 
lead chromate from lead solutions, 

PCN O,),tK,CrOjPbCrO, 2K NO, 

Lead chromate is insoluble in an excess of chromic acid 
or chromate solution, ammonium hydroxide, and acetic acid. 
It is soluble in solutions of the caustic alkalies and in moder- 
ately concentrated nitric and hydrochloric acids. 
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9. Potassium iodide precipitates yellow lead iodide from 
lead solutions, 
Pb(NO;),+2KI=Pbl,72KNO, 


Lead iodide is soluble in an excess of potassium iodide, in 
solutions of the caustic alkalies and in hot, moderately con- 
centrated nitric acid. It is sparingly soluble in hot water. 

10. Oxalic acid and alkali oxalates precipitate white lead 
oxalate from lead solutions, 


Pb(NO,),+H.C,0,=PbC,0,+2HNO, 


Lead oxalate is soluble in nitric acid but is insoluble in 
acetic acid. 


MAGNESIUM | 


34. General Properties and Solubilities—Magnesium is 
a light, silver-white metal that has a specific gravity of 1.76 
and melts at 650° C. When strongly heated, magnesium 
burns with an intense white light, magnesium oxide. MgO, 
being formed. 

_ Magnesium is not attacked by dry air but is oxidized readily 
by moist air. It is soluble in practically all acids and in solu- 
tions of the alkali bicarbonates and ammonium, chloride. 


35. Preparation of Magnesium Solution.—A solution that 
will be satisfactory for the magnesium reactions may be pre- 
pared by dissolving about 5 grams of magnesium sulphate 
crystals, MgSO,'7H,O, in 100 cubic centimeters of water, to 
which has been added a drop or two of sulphuric acid. 

Magnesium sulphate is soluble to the extent of 75 parts 
in 100 parts of cold water and 670 parts in 100 parts of hot 
water. 


36. Dry Reactions.—Magnesium compounds, when highly 
heated on the charcoal before the blowpipe, are reduced to 
the white infusible oxide, which is luminous at high tem- 
peratures. If this is moistened with a drop of cobalt nitrate, 
and again ignited, it assumes a pale-rose color, which is 
permanent, and may be seen after cooling. 
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3%. Wet Reactions——A magnesium solution reacts with 
reagents as follows: 

i. Ammonium hydroxide precipitates white magnesium 
hydroxide, Mg(OH),, from neutral solutions that are free 
from ammonium salts. If the solution contains free acid no 
precipitate is formed. 

2. Ammonium carbonate does not form a precipitate under 
ordinary conditions. 

3. Sodium carbonate precipitates white basic magnesium 
carbonate from solutions that do not contain ammonium salts. 
Heat aids the formation of the precipitate. It is soluble in 
ammonium chloride. 

4. Fixed alka hydroxides precipitate white magnesium 
hydroxide, Mg(OH),, from solutions that do not contain 
ammonium salts. The precipitate is soluble in acids and in 
ammonium chloride. From the solution in ammonium chloride 
the magnesium hydroxide may be slowly reprecipitated by 
continued boiling. 

5. Sodium phosphate gives no precipitate in acid solutions 
but in solutions that contain ammonium chloride and ammonium 
hydroxide, it completely precipitates magnesium as_ white 
magnesium ammonium phosphate, MgNH,PO,, 

MgSO,+Na,HPO,+NH,OH =MgNH,PO, 
+ Na,S Oe O 


The precipitate is easily dissolved by acids and is reprecipi- 
tated from the acid solution by ammonium hydroxide. 


MANGANESE 


38. General Properties and Solubilities—Manganese is 
a grayish-white, hard, brittle, feebly-magnetic metal that has 
a specific gravity of 7.42 and melts at 1,260° C. It is oxidized 
readily by moist air and is soluble in most dilute acids. 


39. Preparation of Manganese Solution.—A_ solution 
that will be satisfactory for the manganese reactions may be 
prepared by dissolving about 5 grams of crystallized manganous 
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sulphate, MnSO,7H,O, in 100 cubic centimeters of water, to 
which has been added a drop or two of sulphuric acid. 

Manganous sulphate is soluble to the extent of 115 parts 
in 100 parts of cold water. 


40. Dry Reactions——Manganese compounds impart an 
amethyst-red color to the borax bead, when heated in the 
oxidizing flame. If the bead is reheated for some time in 
the reducing flame, it loses its color because of the reduction 
of the manganese to a colorless compound. Compounds of 
manganese, when fused on the platinum foil with a mixture 
of equal parts of sodium carbonate and potassium nitrate, are 
oxidized to manganates and a dark-green color is imparted to 
the melt. 


41. Wet Reactions—-A manganese solution reacts with 
reagents as follows: 

1. Ammonium hydroxide, when added to a manganese 
solution, that does not contain too much free acid, or ammonium 
salts, precipitates part of the manganese as white manganese 
hydroxide, Mn(OH),. The remaining manganese is held in 
solution as an ammonium salt, 


2MnSO,+2NH,OH =Mn(OH),+(NH,),Mn(SO,), 


The white precipitate of manganese hydroxide, on exposure to 
the air, is quickly changed to brown manganic hydroxide, MnO: 
OH. If an excess of ammonium chloride is present in the man- 
ganese solution, no precipitate is formed immediately by 
ammonium hydroxide since in this case also the manganese is 
held in solution as a soluble ammonium salt, 


MnSO,+4NH,Cl=(NH,),MnCl,+(NH,),SO, 


On exposure to the air, however, the manganese is gradu- 
ally precipitated as manganous acid, H,MnO,, 


2(NH,),MnCl,+4NH,OH+0,=2H,Mn0,+8NH,Cl 
2. Sodium hydroxide and potassium hydroxide give the’ 
same precipitates as ammonium hydroxide. 


3. Alkali carbonates precipitate white manganese carbonate 
that is insoluble in an excess of the reagent. 
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4. Ammonium sulphide precipitates flesh-colored manga- 
nese sulphide, MnS. The precipitate is soluble in acids. 

5. Lead, peroxide and nitric acid. When a little lead 
peroxide and about 6 cubic centimeters of dilute (1:1) nitric 
acid are added to a few drops of a manganese solution, and 
the mixture is boiled for about 2 minutes, permanganic acid, 
HMn0,, is formed, which gives the solution a violet-red cvulor 
that is best seen when the insoluble residue has settled. 

6. Potassium chlorate, when added to a boiling acid solu- 
tion of a manganese salt, precipitates manganese dioxide, 

SMnSO,+2KC10,+H,SO,+4H,0 =5Mn0,+K,S0O, 
Gi oH,S 0; 


MERCURY 


MERCUROUS AND MERCURIC COMPOUNDS 


42. General Properties and Solubilities—Mercury is a 
brilliant silver-white metal that boils at 357° C. It has a 
specific gravity of 13.59 and is the only metal that is a liquid 
at ordinary temperatures. When heated almost to its boiling 
point in contact with air, it is gradually converted into red 
mercuric oxide, HgO. Alloys of mercury with other metals 
are known as amalgams. 

Mercury forms two series of compounds; the mercurous, 
in which the metal is monovalent, and the mercuric, in which 
it is divalent. It will be seen that the compounds of the two 
series differ considerably in their reactions. 

Mercury is insoluble in solutions of the alkalies and in hydro- 
chloric acid and dilute sulphuric acid. It is soluble in hot con- 
centrated sulphuric acid and forms either mercurous or 
mercuric sulphate, according to whether the metal or the acid 
is present in excess. Hydrobromic acid scarcely attacks mer- 
cury but it dissolves readily in hydriodic acid. Chlorine reacts 
with it to form mercurous chloride (calomel). Nitric acid 
is the best solvent for mercury. When mercury is dissolved 
in cold, dilute nitric acid and an excess of the metal is present, 
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mercurous nitrate is formed. If it is dissolved in an excess 
of hot, concentrated nitric acid, mercuric nitrate is formed, 


Hgt4HNO,=Hg(NO,),+2NO,+2H,0 


43. Dry Reactions—Mercury and almost all of its com- 
pounds sublime when heated. If the operation is carried out 
in a closed tube or mattrass, the sublimate will be deposited 
on the walls of the upper part of the tube. The sublimates 
are of the same color and composition as the compounds 
heated. 

When mercury compounds are mixed with sodium car- 
bonate and heated in a closed tube, a gray mirror consisting 
of small globules of mercury, is formed on the cold walls 
of the tube. If the mirror is gently rubbed with a glass rod, 
the small globules will run together and form larger ones that 
are visible to the naked eye. 


MERCUROUS COMPOUNDS 


44, Preparation of Mercurous Solution.—A solution that 
will be satisfactory for the mercurous reactions may be made 
by dissolving about 5 grams of mercurous nitrate in 100 cubic 
centimeters of water and then adding to this solution, about 
1 cubic centimeter of dilute nitric acid and a few drops of 
metallic mercury. If necessary, a gentle heat may be employed 
to effect solution of the mercurous nitrate. A high temperature 
must be avoided, however, and some of the metallic mercury 
must remain in excess, or part of the mercurous nitrate will 
be converted into mercuric nitrate. Mercurous nitrate is 
soluble in all proportions of water that contains a little nitric 
acid. 


45. Wet Reactions.—Reagents react with mercurous 
solutions as follows: 

1. Ammonum hydroxide precipitates a black mercuric 
ammonium compound mixed with metallic mercury, 


6HgNO,16NH,0H = (NH,HgNO,),HgO+4NH,NO, 
-3Hg+5H,0 


ee ee a 
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The precipitate is insoluble in an excess of the reagent but 
dissolves in a saturated solution (1:14) of ammonium sulphate 
that contains a little ammonium hydroxide. 

2. Sodium hydroxide and potassium hydroxide precipitate 
black mercurous oxide that is insoluble in an excess of the 
reagent, 

2HgNO,+2Na0H = Hg,0+2NaNO,+H,0 

3. Ammonium carbonate gives the same precipitate as 

ammonium hydroxide, 
6HgNO,+3(NH,),CO,=(NH,HgNO,),HgO+4NH,NO, 
gle hsm 1 Oss waa gAX 6) 

4. Fixed alkali carbonates give a white precipitate, more 
or less colored with yellow, owing to the fact that mercurous 
solutions nearly always contain small quantities of mercuric 
compounds. The carbonate precipitates are not important in 
determining mercurous compounds, 


2HgNO,t+Na,CO,=Hg,CO,+2NaNO, 

5. Hydrogen sulphide precipitates black mercuric sulphide, 
Hg gS, together with some free mercury, 

2HgNO,+H,S =HgStHgt2HNoO, 

The precipitate is not dissolved by any dilute acid, but dis- 
solves slowly in hot concentrated hydrochloric acid, and readily 
in aqua regia. It is soluble, also, in yellow ammonium sulphide. 

6. Hydrochloric acid and soluble chlorides precipitate white. 
mercurous chloride, 

HgNO,+HCl=HgCl+HNO, 


The precipitate is insoluble in cold dilute acids, is slightly 
acted upon by hot concentrated acids, and is readily dissolved 
by aqua regia. Ammonia turns this white chloride black, con- 
verting it into a mixture of finely divided mercury and amino- 
mercuric chloride, HgNH,Cl. 

2HgCI+2NH,OH =HgNH,CI+ NH,CI+Hgt2H,0 

7. Potassium chromate precipitates red mercurous chromate, 

2HgNO,+K,Cr0O,=Hg,CrO,+2KNO, 


The precipitate dissolves with difficulty in nitric acid. 
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8. Potassium iodide in very small quantities precipitates 
yellowish-green mercurous iodide, HgI. If a little more of 
the reagent is added and it is allowed to stand, the precipitate 
changes into metallic mercury and bright-red potassium mer- 
curic iodide, HgI,°2KI. 


2HgI+2KI=Hg+Hgl.2KI 


9. Sulphuric acid and soluble sulphates precipitate white 
mercurous sulphate from moderately concentrated mercurous 
solutions, 


2HgNO,+H,SO,=Hg,SO,+2HNO, 


The precipitate is sparingly soluble in cold water and is 
decomposed by boiling water. It is soluble in nitric acid and 
is blackened by the alkalies. 

10. Stannous chloride, when added in a very small amount, 
precipitates white mercurous chloride, HgCl. A little more of 
the reagent partly reduces this, giving a gray mixture of mer- 
curous chloride and metallic mercury. An excess of stannous 
chloride reduces the whole to a dark-gray, almost black, pre- 
cipitate of finely divided metallic mercury. The white precipi- 
tate is seldom seen, but the gray mixture usually is formed 
at once. 

11. Copper, brightly polished, when placed in a mercurous 
solution, precipitates metallic mercury, which forms a gray 
coating on the copper. The coating may be rendered bright 
by gently rubbing it witha cloth. It is volatilized by heat. 


MERCURIC COMPOUNDS 


46. Preparation of Mercuric Solution—A solution for 
the mercuric reactions may be made by dissolving about 5 grams 
of mercuric nitrate in 100 cubic centimeters of water and then 
adding from 2 to 3 drops of nitric acid to this solution. 

Mercuric nitrate is soluble in all proportions of cold or 
warm water. Hot water decomposes it. 


4%. Wet Reactions.——A mercuric solution gives the fol- 
lowing reactions : 
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1. Ammonium hydroxide precipitates white amino mercuric 
nitrate, 


Hg(NO,),+2NH,OH =HgNH,NO,+NH,NO,+2H,0 


The precipitate is slightly soluble in an excess of the reagent 
and is readily dissolved by acids. 

2. Sodium hydroxide and potassium hydroxide precipitate 
a brown basic salt when only a little of the reagent is added 
to the mercuric solution, 


2Hg(NO;),+2NaOH = Hg,0(NO,),+2NaNO,+H,0 


If a larger quantity of the reagent is added, yellow mercuric 
oxide is precipitated, 


Hg(NO,),+2NaOH =Hg0+2NaNO,+H,0 


Both precipitates are soluble in warm, dilute acids. 
3. Alkali carbonates precipitate a reddish-brown basic car- 
bonate, 


4Hg(NO,),+4Na,CO, =HgCO,3Hg0 +8NaNO,+3C0, 


On boiling, the precipitate loses carbon dioxide and is con- 
verted into yellow mercuric oxide. 

4. Alkali bicarbonates when added to a solution of mercuric 
nitrate form the same precipitate as the alkali carbonates, 


4Hg(NO,),+8NaHCO,=HgCO,3HgO+8NaNO,z 
+7CO,14H,0O 
5. Hydrogen sulphide and soluble sulphides at first produce 
a white precipitate. On continuing to pass the reagent into 
the mercuric solution, however, the precipitate changes in color 
to yellow, reddish-brown, and finally to black. The formation 
of the white precipitate may be represented by the equation, 


3Hg(NO,),+2H,S =2HgS:Hg(NO;),1+4HNO, 
The white precipitate then reacts with additional hydrogen 
sulphide to form black mercuric sulphide, as follows: 
2HgS:Hg(NO;).1+H,S =3HgS +2HNO; 
Mercuric sulphide is insoluble in alkalies and in acids. It is 
soluble in aqua regia and in potassium sulphide solution. 
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6. Potassium iodide precipitates red mercuric iodide, 
Hg(NO;),+2KI=Hgl,12KNO, 


The precipitate is soluble in an excess of the reagent. 
7. Alkali chromates precipitate yellow mercuric chromate, 
Hg(NO,;),+K,Cr0,=HgCr0,12KNO, 

The precipitate is decomposed by acids. 

8. Stannous chloride precipitates, at first, white mercurous 
chloride, HgCl. An excess of the reagent reduces this to gray 
metallic mercury. 

9. Copper, zinc, and iron precipitate mercury from mer- 
curic solutions. 


MOLYBDENUM 


48. General Properties and Solubilities—Molybdenum is 
a white, hard, very brittle, almost infusible metal that has a 
specific gravity of 10.28 and melts at 2,500° C. 

Molybdenum is soluble in nitric acid and in hot concentrated 
sulphuric acid. Its oxide, MoQO,, dissolves readily in solutions 
of fixed alkalies and in ammonium hydroxide, molybdates being 
formed, 

Mo0,+2NH,0H=(NH,),Mo0,+H,0O 


49. Preparation of Molybdenum Solution.—The ammo- 
nium molybdate reagent, prepared as previously directed, will 
prove satisfactory as a solution for the molybdenum reactions. 
Ammonium molybdate is decomposed by both hot and cold 
water. 


50. Dry Reactions——All molybdenum compounds, when 
heated in the oxidizing blowpipe flame on the charcoal, deposit 
an incrustation of molybdic oxide, which is yellow when hot, 
and white or yellowish-white when cold. 

Molybdenum compounds impart a green color to the hot 
microcosmic bead held in the oxidizing flame. When cold, 
the bead is colorless. In the reducing flame it becomes green 
in color. Held in the oxidizing flame, the borax bead is yellow 
when hot and colorless when cold. In the reducing flame it 
becomes brown in color. 
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51. Wet Reactions—A molybdenum solution reacts with 
reagents as follows: 

1. Sodium phosphate, added to an ammonium molybdate 
solution that contains free nitric acid, produces either at once 
or on gentle heating, a yellow precipitate of ammonium phos- 
phomolybdate, 


12(NH,),Mo0,+Na,HPO,+23HNO,=(NH,).PO; 
12M00,+2NaNO,+12H,0+21NH,NO, 


The yellow precipitate of ammonium phosphomolybdate is 
insoluble in nitric acid but dissolves readily in solutions of the 
alkalies. 

2. Hydrogen sulphide at first gives the solution a blue 
color, and then precipitates dark-brown molybdenum sulphide, 
MoS., while the supernatant liquid becomes green. The pre- 
cipitation is not complete in the cold, but, heating the solu- 
tion and treating for some time with hydrogen-sulphide gas, 
the molybdenum is all precipitated. The precipitate dissolves 
in alkali sulphides, and is reprecipitated from this solution by 
hydrochloric acid. 

3. Zinc, when added to the hydrochloric-acid solution, soon 
develops a blue, green, or brown color, depending on the degree 
of concentration of the solution. 

4. Stannous chloride imparts a blue, green, or brown color 
to the solution, depending on the amount of the reagent added, 
and the concentration of the solution. 

5.. Ferrous sulphate, containing free sulphuric acid, gives 
the solution a blue color that is permanent. 


NICKEL 


52. General Properties and Solubilities—Nickel is a 
silver-white, malleable, ductile, magnetic metal that has a 
specific gravity of 8.9 and melts at 1,452° C. It is not oxidized 
by dry or moist air at ordinary temperatures. It is only slowly 
attacked by hydrochloric or sulphuric acids. Dilute nitric acid 
dissolves it readily but concentrated nitric acid renders it 
passive. 


XN 
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53. Preparation of Nickel Solution.—A solution that will 
be satisfactory for the nickel reactions may be prepared by 
dissolving about 5 grams of crystallized nickel nitrate, 
Ni(NO,),°6H,O, in 100 cubic centimeters of water to which 
about 1 cubic centimeter of nitric acid has been added. 

Nickel nitrate is soluble to the extent of 238 parts in 
100 parts of cold water and in all proportions of hot water. 


54. Dry Reactions.—Held in the oxidizing flame, nickel 
compounds impart a violet color to the hot borax bead. On 
cooling, the color fades to a brown. In the reducing flame 
the bead may be gray in color, owing to reduced nickel, or it 
may be colorless. Nickel compounds in both flames, impart 
a reddish-brown color to the hot, microcosmic salt bead. On 
cooling, the color fades to a reddish-yellow. 


55. Wet Reactions.— A nickel solution reacts with 
reagents as follows: 

1. Ammonium hydroxide precipitates a green, basic salt 
from neutral solutions of nickel that do not contain ammonium 


salts, —NVi(NO,), +NH,OH =NiNO,OH+NH,NO, 


The precipitate dissolves in an excess of the reagent with 
the formation of a blue-colured solution. Ammonium salts 
or free acids prevent the formation of a precipitate and the 
blue color of the solution appears at once. 

2. Fixed alkali hydroxides precipitate green nickel hydrox- 
ide that is insoluble in an excess of the reagent. 

3. Alkali carbonates precipitate green nickel carbonate, that 
obtained with ammonium carbonate being soluble in an excess 
of the reagent. 

4. Hydrogen sulphide precipitates black nickel suiphide 
from solutions that contain an alkali acetate and that are made 
slightly acid with acetic acid, 

Ni(NO,),1+2NaC,H,0,+H,S=NiS+2NaNO, 
mold © bias 

5. Ammonium sulphide precipitates black nickel sulphide. 
The precipitate is slightly soluble in hydrochloric acid but dis- 
solves readily in hot nitric acid. 
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6. Dimethylglyoxime, when added to a nickel solution that 
is subsequently made slightly alkaline with ammonium 
hydroxide and then boiled, precipitates red nickel glyoxime. 

2C,H,N,0,H+Ni(NO,),+2NH,OH =NiC,H,,N,0O, 
TZN AANOw + 2HO 


PLATINUM 


56. General Properties and Solubilities—Platinum in the 
compact form is a grayish-white metal. When finely divided, 
it appears black. It has a specific gravity of 21.16 and melts 
at 1,753° C. Platinum is not altered by the action of the air 
under ordinary conditions, it is not attacked by any single 
acid. It is soluble, however, in hot concentrated sulphuric 
acid and in aqua regia. 


5%. Preparation of Platinum Solution.—A solution that 
will be satisfactory for the platinum reactions may be pre- 
pared by dissolving about 1 gram of chlorplatinic acid, 
H,PtCl,H,O, in 100 cubic centimeters of water and adding 
about 5 cubic centimeters of concentrated hydrochloric acid. 

Chlorplatinic acid is extremely soluble in either hot or cold 


water. 


58. Dry Reactions.—On the charcoal before the blow- 
pipe, all platinum compounds are reduced to the gray, spongy 
metal. Its insolubility in acid serves to distinguish platinum 
from other metals that resemble it in color, whereas gold, 
which resembles it in insolubility, is distinguished by its yellow 
color. 


59. Wet Reactions.—A platinum solution reacts with 
reagents as follows: 

1. Hydrogen sulphide, when led into a cold platinum solu- 
tion, at first colors the solution brown, and then slowly pre- 
cipitates brownish-black platinum sulphide, PtS,. If the solu- 
tion is heated, the precipitate forms at once. Ammonium and 
sodium sulphides, especially when heated, dissolve this pre- 
cipitate, but the solution is slow, and it is difficult to dissolve 
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it completely. Hot concentrated nitric acid slowly dissolves 
the precipitate that is formed in the cold, but scarcely acts 
on the sulphide precipitates from hot solutions. It dissolves 
in aqua regia. 

2. Ammonium sulphide precipitates brownish-black platt- 
num sulphide, PtS,, which is slightly soluble in an excess of 
the reagent, and more easily dissolved by yellow ammonium 
or sodium sulphide. Heat aids the solution. 

3. Ferrous sulphate does not produce a precipitate in plati- 
num solutions, except upon long-continued boiling, in which 
case platinum finally separates. 

4. Stannous chloride does not precipitate platinum from its 
solutions, but imparts a dark-red or reddish-brown color to 
the solution. 

5. Potassium iodide, when added in excess to a platinum 
solution, produces a dark-red coloration. If the solution is 
very dilute, a rose-red color is obtained. 

6. Ammonium chloride and potassium chloride precipitate 
yellow ammonium chlorplatinate and potassium chlorplatinate, 


H,PtCl,+2KCl=K,PtCl,+2HCl 


The precipitates are only slightly soluble in water and are 
insoluble in 80 per cent. or stronger alcohol. 


POTASSIUM 


60. General Properties.—Potassium is a soft metal that 
is easily cut with a knife. Its freshly-cut surface exhibits a 
brilliant, bluish-white color. In contact with air it tarnishes 
immediately, however, and becomes dull-gray in color. 
Because of its great chemical activity, it must always be kept 
from contact with air and moisture and for this reason it is 
preserved under kerosene or similar liquids. Potassium 
decomposes water with the evolution of hydrogen, so much 
heat being evolved by the reaction that the hydrogen is ignited 
and burns with a characteristic violet flame. 

Potassium has a a gravity of .862, melts at 63.5° C., 

and boils at7/o/ 2.6 
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61. Preparation of Potassium Solution A solution that 
will be satisfactory for the potassium reactions may be pre- 
pared by dissolving about 5 grams of potassium nitrate in 
100 cubic centimeters of water. Potassium nitrate is soluble 
to the extent of 13 parts in 100 parts of cold water and 
247 parts in 100 parts of hot water. 


62. Dry Reactions—Potassium compounds, when 
brought into a colorless flame on a platinum wire, impart a 
bluish-violet color to the flame. This is by far the best method 
of recognizing potassium. Impurities may partly obscure the 
color, but when viewed through the blue glass, their colors 
are absorbed and the potassium flame appears a reddish-violet 
color. After a little practice, the color due to potassium, may 
be identified with absolute certainty. 


63. Wet Reactions.—A potassium solution reacts with 
reagents as follows: 

1. Tartaric acid precipitates potassium acid _ tartrate, 
KHC,H,O,, from neutral solutions that are not too dilute. 
The precipitate is easily soluble in acids and in alkalies. Its 
formation is favored by shaking the solution or by rubbing the 
inside walls of the test tube or beaker with a glass rod. 

2. Chlorplatinic acid precipitates yellow potassium chlor- 
platinate from concentrated solutions. The precipitate is 
insoluble in strong alcohol but dissolves readily in acids, in 
alkalies, and in water. 


SILVER 


64. General Properties—Pure silver is a remarkably 
white, lustrous metal of specific gravity 10.5, and capable of 
taking a high polish. It is the best metallic conductor of heat 
and electricity known, is harder than gold, and is very ductile 
and malleable, although working of silver hardens it and it 
must be softened repeatedly by heating to a dull redness. It 
crystallizes in regular octahedra, melts at 961.5° C., and may 
be distilled at the highest temperature of the oxyhydrogen 
blowpipe. When melted, silver is capable of absorbing twenty- 
two times its own volume of oxygen, which, however, is again 
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evolved when it solidifies. It is unaltered in the air at any 
temperature, though it is readily acted on by chlorine, sulphur, 
and phosphorus. 


65. Solubilities—Silver is not attacked by hydrochioric 
acid, dilute sulphuric acid, or the alkalies. It is acted on, 
however, by the halogens, the corresponding silver compound 
being formed. Hot, concentrated sulphuric acid dissolves 
silver with the evolution of sulphur dioxide and the formation 
of silver sulphate, 


2Ag+2H,SO,=Ag,SO,+50,+2H,O 


Dilute nitric acid has little action on silver. The metal dis- 
solves readily, however, in 50 per cent. nitric acid and this 
strength acid is ordinarily used as a solvent for silver. 


66. Preparation of Silver Solution—A silver solution 
may be made by dissolving a little of the metal in nitric acid 
and ‘then diluting the solution wit wlfig iS most con- 
veniently prepared, however, by disstlving about ams of 
silver nitrate crystals in 100 cubic centimeters. @ ter to 
which 2 or 3 drops of concentrated nitric acid “fave been 
added. 

Silver nitrate is soluble to the extent of 122 parts in 100 
parts of cold water and 940 parts in 100 parts of hot water. 


6%. Dry Reactions.—Silver fuses on the charcoal, before 
the blowpipe, forming a bright metallic globule. It does not 
volatilize and an incrustation is not formed. Silver com- 
pounds, when mixed with sodium carbonate and fused on the 
charcoal before the blowpipe, also form a metallic globule. 
Absence of incrustation distinguishes silver from lead and tin. 


68. Wet Reactions — Reagents react with silver solutions 
as follows: 

1. Ammonium hydroxide when added drop by drop to a 
neutral solution of silver that is free from ammonium com- 
pounds, first produces a white precipitate which, however, 
quickly changes to brown silver oxide, 4g,0. The oxide is 


an 
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soluble in an excess of the reagent, silver ammonium hydroxide 
being formed, 


Ag,0 +2NH,OH =2NH,AgOH+H,0 


If the silver solution contains free acid, ammonium com- 
pounds are formed on the addition of ammonium hydroxide 
and the formation of a precipitate is prevented. 

2. Sodium hydroxide and potassium hydroxide precipitate 
brown silver oxide, 

2AgNO,+2Na0OH = Ag,0 +2NaNO,+H,0O 


The precipitate is insoluble in an excess of the reagent but 
dissolves readily in either nitric acid or ammonium hydroxide. 
3. Fixed alkali carbonates precipitate white or yellowish- 
white silver carbonate, 
2AgNO,+Na,CO,=Ag,CO,+2NaNO, 


The precipitate is insoluble in an excess of the reagent or 
in solutions of the fixed alkali carbonates. It is soluble in 
ammonium hydroxide and in ammonium carbonate solution. 

4. Ammonium carbonate precipitates white silver carbonate, 


2AgNO,+(NH,),CO,=4g,CO,+2NH,NO, 


The precipitate is soluble in an excess of the reagent. 

5. Hydrogen sulphide and soluble sulphides precipitate 
black silver sulphide from neutral, acid, and ammoniacal solu- 
tions of silver salts, 


2AgNO,+H,S = Ag,S+2HNO, 


The precipitate is ‘iisoluble in ammonium hydroxide and in 
solutions of the alkali sulphides. It does not dissolve easily 
in cold, dilute acids, but dissolves readily in hot, dilute nitric 
acid. 
6. Hydrochloric acid and soluble chlorides precipitate white 
silver chloride in the form of curds, 
AgNO,+HCl=AgCI+ HNO; 


The precipitate slowly changes to a brown color on exposure 
to sunlight. It is insoluble in nitric acid but dissolves readily 
in ammonium hydroxide from which solution it is reprecipi- 
tated by nitric acid. \ 
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7. Sodium phosphate precipitates yellow silver phosphate, 
6AgNO,+3Na,HPO,=2Ag,P0,+6NaNO,+H,PO, 


The precipitate is soluble in ammonium hydroxide and in 
nitric acid. 
8. Potassium iodide precipitates yellow, curdy silver iodide, 


AgNO,+KI=AgI+KNO, 


The precipitate is insoluble in ammonium hydroxide but 
dissolves in a solution of sodium thiosulphate. 
9. Potassium chromate precipitates dull-red silver chro- 
mate, ; 


2AgNO,+K,CrO,= Ag,CrO,+2KNO, 


The precipitate is soluble in ammonium hydroxide and in 
nitric acid. 

10. Potassium dichromate precipitates reddish-brown silver 
dichromate, 


2AgNO,+K,Cr,0,=Ag,Cr,0, +2KNO, 


The precipitate is soluble in ammonium hydroxide and in 
nitric acid. 

11. Ferrous sulphate precipitates gray metallic silver from 
silver solutions. 

12. Copper precipitates metallic silver from silver solu- 
tions, 


2AgNO,+Cu=2Ag+Cu(NO,), 


SODIUM 


69. General Properties—Sodium is a soft, lustrous, 
silver-white metal that is easily cut with a knife. It has a 
specific gravity of .972, melts at 97.6° C., and boils at 877.5° C. 
On exposure to the air, its freshly-cut surface tarnishes 
rapidly. If the metal is thrown on water it decomposes the 
latter with the evolution of hydrogen. If the sodium is held 
stationary on the surface of the water, however, the heat 
generated by the reaction causes the ignition of the hydrogen 


which then burns with the characteristic yellow sodium flame. 
at 


> 
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70. Preparation of Sodium Solution—A solution that 
will be satisfactory for the sodium reactions may be prepared 
by dissolving about 5 grams of sodium chloride in 100 cubic 
centimeters of water. Sodium chloride is soluble to the extent 
of 35 parts in 100 parts of cold water and 39 parts in 100 
parts of hot water. 


71. Wet and Dry Reactions.—Sodium compounds in 
solution do not form precipitates with ordinary reagents: 

1. Potassium pyroantimonatc, K,H,Sb,O,, precipitates 
white sodium pyroantimonate, Na,H,Sb,O,, from neutral or 
alkaline solutions of sodium salts, 

Z2NaCl--K.HSb,0, => Na,f,5 0,0, 2K! 

2. Flame test. When a drop of a solution containing a 
sodium compound is brought into the flame of a burner, a 
yellow color is imparted to the flame. The color is character- 
istic of sodium compounds and it is not obscured by the 
presence of other elements. When viewed through a blue 
glass, the yellow color is absorbed and the flame appears 
almost colorless. 


STRONTIUM 


%2. General Properties.—Strontium is described by dif- 
ferent authorities as being silver-white or brass-yellow in 
color. It is a malleable, ductile metal that has a specific gravity 
of 2.54 and melts at 900° C. It is unaffected by dry air but 
is rapidly oxidized by moist air. Strontium decomposes water 
rapidly with the evolution of hydrogen. 


%73. Preparation of Strontium Solution—A solution that 
will be satisfactory for the strontium reactions may be pre- 
pared by dissolving about 5 grams of strontium nitrate, 
Sr(NO,)., in 100 cubic centimeters of water, to which has 
been added a drop or two of nitric acid. Strontium nitrate 
is soluble to the extent of 39 parts in 100 parts of cold water 
and 100 parts in 100 parts of hot water. 


44. Dry Reactions.—Strontium compounds when heated 
on the charcoal before the blowpipe, are converted to the 
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white, infusible oxide. Volatile strontium compounds impart 
a crimson color to the flame when brought into it on the loop 
of a platinum wire. 


%5. Wet Reactions—A strontium solution reacts with 
reagents as follows: 

1. Ammonium hydroxide does not precipitate strontium 
from its solutions. 

2. Sodium hydroxide and potassium hydroxide precipitate 
from moderately strong solutions, white strontium hydroxide, 
Sr(OH),, which is dissolved by adding water and _ boiling. 
In very dilute solutions no precipitate is formed. 

3. Alkali carbonates precipitate white strontium carbonate, 
SrCO;, which is only very slightly soluble in ammonium 
chloride, but is soluble in hydrochloric, nitric, or acetic acid. 
Warming aids in the precipitation. 

4. Alkali chromates precipitate yellow strontium chromate, 
SrCrO,, from rather strong neutral solutions. This is easily 
dissolved by hydrochloric, nitric, or acetic acid, or by a large 
amount of water, so that in dilute solutions, or those contain- 
ing much free acid, no precipitate is formed. 

5. Sulphuric acid precipitates white strontium sulphate, 
SrSO,, which is very slightly soluble in water, so that in very 
dilute solutions the precipitate does not appear immediately. 
A saturated solution of calcium sulphate may be used instead 
of sulphuric acid, in which case the precipitate will appear 
after a few moments. 

6. Sodium phosphate precipitates white hydrogen-strontium 
phosphate, HSrPO,, from neutral, and strontium phosphate, 
Sr,(PO,)>2, from alkaline, strontium solutions. Both are 
soluble in acids, so that in strongly acid solutions no precipitate 
is formed. 

7. Ammonium oxalate precipitates white strontium oxalate, 
S7C,0,, which is easily soluble in hydrochloric or nitric acid, 
but only slightly soluble in acetic acid. 
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TIN 


STANNOUS AND STANNIC COMPOUNDS 

76. General Properties and Solubilities—At ordinary 
temperatures, tin is a silver-white, malleable, ductile metal that 
has a specific gravity of 7.29 and melts at 232° C. 

Tin forms two important series of compounds designated 
as stannous, in which the metal is divalent, and stannic, in 
which it is tetravalent. It dissolves in hot concentrated hydro- 
chloric acid with the formation of stannous chloride and the 
evolution of hydrogen, 

Sn+2HCl=SnCl,+H, 


Dilute nitric acid dissolves tin with the formation of stannous 
nitrate and ammonium nitrate, 


45n+10HNO,=4S5n(NO,),+NH,NO,+3H,O 


Strong nitric acid does not dissolve tin but converts it into 
metastannic acid, 


35n+4HNO,+H,0 =3H,Sn0,+4NO 


Tin dissolves slowly in dilute sulphuric acid with the evolu- 
tion of hydrogen and the formation of stannous sulphate, 


Sn+H,SO,=SnSO0,+H, 

In hot, concentrated sulphuric acid it dissolves rapidly, how- 
ever, with the formation of stannic sulphate and the evolution 
of sulphur dioxide, 

Sn+4H,SO,=Sn(SO,),+2SO,+4H,0 


Aqua regia dissolves tin with the formation of stannic 
chloride, 
3Sn+12HCI+4HN O,=3SnCl,+4NO+8H,0 
Tin slowly dissolves in caustic potash solution, potassium 


stannite being formed when the reaction takes place in the 
presence of air, 


25n+4K OH+0,=2K,Sn0O,+2H,0 
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%%. Dry Reactions——Compounds of tin, when mixed with 
sodium carbonate and heated on the charcoal before the blow- 
pipe, are reduced to metallic tin. During the operation some 
of the tin is oxidized to stannic oxide, which appears as a 
white incrustation on the charcoal. 


STANNOUS COMPOUNDS 


78. Preparation of Stannous Solution—A solution that 
will be satisfactory for the stannous reactions, may be pre- 
pared by adding 5 cubic centimeters of concentrated hydro- 
chloric acid and 15 cubic centimeters of water to about 2 grams 
of stannous chloride and heating till it dissolves. If the solu- 
tion appears milky after heating, add 5 cubic centimeters of 
hydrochloric acid and heat again, when it will clear up. Dilute 
this solution to 100 cubic centimeters with water, and add a 
few pieces of metallic tin. 


79. Wet Reactions.——A stannous solution reacts with 
reagents as follows: 

1. Ammonium hydroxide and alkali carbonates precipitate 
white stannous hydroxide that is practically insoluble in an 
excess of the reagent. 

2. Sodium hydroxide and potassium hydroxide precipitate 
white stannous hydroxide that is soluble in an excess of the 
reagent with the formation of a stannite, 


SnCl,+2NaOH =Sn(OH),+2NaCl 
Sn(OH),+2NaOH = Na,SnO,+2H,O 


3. Hydrogen sulphide precipitates brown stannous sulphide 
from stannous solutions that do not contain too much free 
acid. Stannous sulphide is soluble in yellow ammonium sul- 
phide but is insoluble in colorless ammonium sulphide. 

4. Mercuric chloride, when added to a stannous solution, 
causes the precipitation of white mercurous chloride, 


SnCl,+2HgCl, =SnCl,+2HgCl 
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STANNIC COMPOUNDS 


80. Preparation of Stannic Solution.—A solution that 
will be satisfactory for the stannic reactions may be prepared 
by dissolving about 2 grams of stannous chloride in 5 cubic 
centimeters of concentrated hydrochloric acid and 15 cubic 
centimeters of water. Heat this to boiling and add potassium 
chlorate, a little at a time, until the solution becomes distinctly 
yellow. Then boil till the solution becomes clear, and the 
potassium chlorate will have oxidized the stannous to stannic 
chloride. After diluting to 100 cubic centimeters the solution 
is ready for use. 


81. Wet Reactions.—A stannic solution reacts with 
reagents as follows: 

1. Ammonium hydroxide and alkali carbonates precipitate 
white stannic hydroxide, 


SnCl,+4NH,OH =Sn(OH),+4NH,C1 
SnCl,+2Na,CO,+2H,0 =Sn(OH),+4NaCl+2C0, 


The precipitate is soluble in an excess of the reagent. 

2. Sodium hydroxide and potassium hydroxide precipitate 
white stannic hydroxide which is soluble in an excess of the 
reagent. 

3. Hydrogen sulphide precipitates light-yellow stannic sul- 
phide, SnS,, which is soluble in hot concentrated hydrochloric 
acid and in ammonium sulphide. From the solution in 
ammonium sulphide, it is reprecipitated by hydrochloric acid. 

4. Zinc precipitates all the tin from both stannous and 
stannic solutions that contain an excess of hydrochloric acid, 
in the form of a dark-gray, spongy mass. 


TITANIUM 


82. General Properties and Solubilities—Titanium is a 
grayish-white metal that has a specific gravity of 4.87. When 
heated in air it burns, and at 100° C., it decomposes water with 
the evolution of hydrogen. Titanium dissolves slowly in sul- 
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phuric acid and hydrochloric acid, hydrogen being liberated. 
Nitric acid and aqua regia convert it into titanic acid, H,T104. 


83. Preparation of Titanium Solution—A solution that 
will be satisfactory for the titanium reactions may be prepared 
by dissolving about 1 cubic centimeter of titanium tetrachloride 
in 25 cubic centimeters of dilute hydrochloric acid. 


84. Dry Reactions.—Titanium compounds dissolve quite 
readily in the microcosmic bead, when held in the outer flame 
near the point of the inner flame, forming a clear colorless 
bead that becomes opaque when held at the point of the outer 
flame. If, instead of holding the bead at the point of the 
outer flame, it is held for some time in the reducing flame, 
it is colored yellow while hot, red while cooling, and violet 
when cold. 


85. Wet Reactions.—A titanium solution reacts with 
reagents as follows: 

1. Alkali hydroxides and ammonium sulphide precipitate 
gelatinous ortho-titanic acid, H,TiO,, from cold solutions, and 
meta-titanic acid, H,71O,, from hot solutions, 


TiCl,+4NaOH =H,TiO,+4NaCl 
TiCl, +4NaOH =H,Ti0,+4NaCI+H,0 
TiCl,+2(NH,),S+4H,0 =H,Ti0,+4NH,CI+2H,S 


Ortho-titanic acid is very slightly soluble in an excess of 
the reagent but dissolves readily in acids. Meta-titanic acid 
is insoluble in an excess of the reagent and is dissolved with 
difficulty by mineral acids. 

2. Sodium thiosulphate precipitates meta-titanic acid from 
boiling solutions, 


TiC1,+2Na,S,0,1H,O =H,Ti0,+4NaCl+2S +2S0, 


3. Hydrogen peroxide, when added to a titanium solution 
that contains no fluorides, produces an orange-yellow color. 
Reducing agents decolorize the solution. Vanadic, molybdic, 
and chromic acids, and ferric chloride, interfere with the reac- 
tion. 
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4. Zinc, added to an acid solution of titanium, produces a 
blue or violet coloration, and, after standing for some time, a 
blue precipitate separates. Upon standing, this precipitate 
gradually changes to white. If sodium hydroxide is added to 
the blue solution before the precipitate begins to separate, blue 
titanium hydroxide is precipitated, and on standing gradually 
changes to white titanic acid. 

5. Potassium ferrocyanide gives a reddish-yellow precip- 
itate. 

6. Potassium ferricyanide produces a yellow precipitate. 


TUNGSTEN 


86. General Properties and Solubilities-—Tungsten is an 
extremely hard metal that has a specific gravity of 18.77 
and melts at about 3,267° C. 

In nearly all of its chemical relations, tungsten acts as a 
non-metal. Its oxygen compounds are acids that form 
tungstates with the metals. Magnesium tungstate and the 
tungstates of the alkalies are soluble in water. 

Metallic tungsten is not attacked by sulphuric acid or hydro- 
chloric acid. Nitric acid and solutions of the alkalies dissolve 
it slowly. 


8%. Preparation of Tungsten Solution—A solution that 
will be satisfactory for the tungsten reactions may be prepared 
by dissolving about 5 grams of sodium tungstate, Na,WO,. 
2H,O, in 100 cubic centimeters of water. 

Sodium tungstate is soluble to the extent of 41 parts in 
100 parts of cold water and 123 parts in 100 parts of hot 
water. 

88. Dry Reactions—All tungsten compounds, when 
heated for some time in the reducing flame, in the microcosmic 
bead, impart a blue color to the bead. If iron is introduced, 
the bead assumes a blood-red color; but the blue color is 
restored by adding a little tin-foil, and heating again. 


89. Wet Reactions—A tungsten solution reacts with 
reagents as follows: 


44 QUALITATIVE ANALYSIS, PART 2 


1. Sulphuric, nitric, and hydrochloric acids precipitate white 
tungstic acid, H,WO,H,O, from cold solutions and the 
yellow anhydrous acid, H,WO,, from hot solutions, 


Na,W O,+2HCI+H,0 =H,W0,H,0+2NaCl 


The precipitate in each case is insoluble in dilute acids but 
is soluble in concentrated acids and in ammonium hydroxide. 

2. Hydrogen sulphide, when led through a solution of a 
tungstate that is rendered distinctly acid, reduces the tungstate 
to a lower oxide, W,O,, and gives the solution a blue color. 

3. Ammonium sulphide does not form a precipitate in 
neutral solutions of the alkali tungstates. If an excess of the 
reagent is added, however, and the solution is then rendered 
acid, a light-brown precipitate of tungsten trisulphide, WS, 
is formed. 


Na,W0,+3(NH,),S+8HCl=WS,+6NH,CI 
+2NaCl+4H,O 


4. Stannous chloride gives a yellow precipitate that changes 
to a blue when hydrochloric acid is added and heat is applied. 
This is a very characteristic reaction for tungsten. 

5. Metallic zinc and hydrochloric acid added to a tungstate 
solution produce a blue-colored precipitate of WCl,. 


URANIUM 


90. General Properties—Uranium is a white, malleable 
metal that has a specific gravity of 18.7. It combines directly 
with fluorine at ordinary temperatures; with chlorine, bromine, 
iodine, sulphur, and oxygen when moderately heated, and with 
nitrogen at bright-red heat. It decomposes water slowly at 
ordinary temperatures and rapidly at 100° C. 

Uranium forms two series of compounds, designated as 
uranous, in which the element is tetravalent, and uranyl, in 
which it is hexavalent. The uranous compounds are unstable, 
being oxidized in contact with the air to uranyl compounds. 
For this reason only the common reactions of the latter will 
be treated. 
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91. Preparation of Uranium Solution—aA solution that 
will be satisfactory for the uranium reactions may be pre- 
pared by dissolving about 5 grams of uranyl nitrate crystals, 
UO,(NO,),"6H,O, in 100 cubic centimeters of water. 

Uranyl nitrate is soluble to the extent of 200 parts in 100 
parts of cold water and in practically all proportions of hot 
water. 


92. Dry Reactions——Uranium compounds, heated in the 
borax bead in the reducing flame, impart a green color to 
the bead that is seen best after the bead cools. Heated in the 
oxidizing flame, the bead is colored yellow when hot, and 
assumes a yellowish-green color when cold. 


93. Wet Reactions.— A uranyl solution reacts with 
reagents as follows: 
1. Alkali hydroxides, when added to a uranyl solution, 
produce a yellow precipitate of a uranate, 
2U0;(NO,;),+ ONO (NH )GU.O; 
+4NH,NO,13H,O 


The precipitate is insoluble in an excess of the reagent. 
2. Ammonium carbonate precipitates yellow ammonium 
uranyl carbonate, 
UO,(NO,)2+3(NH,),CO,= (NH,)U0,(CO5), 
+-2NA NO} 


The precipitate is soluble in an excess of the reagent and 
uranium is precipitated from the resulting solution as sodium 
uranate on the addition of sodium hydroxide. 

3. Ammonium sulphide precipitates brown uranyl sulphide 
from neutral solutions, 

UO,(NO;)2+(NH,).S =U0,S T2NH,NO, 


The precipitate is soluble in yellow ammonium sulphide, in 
dilute acids, and in ammonium carbonate solution. 

4. Potassium ferrocyanide produces a reddish-brown pre- 
cipitate that looks much like copper ferrocyanide, but is dis- 
tinguished from it by being soluble in ammonium carbonate, 
forming a yellow solution. 


46 QUALITATIVE ANALYSIS, PART fi 


5. Zinc, added to an acid solution, imparts a green color 
to the liquid, especially when it is heated. This color is due 
to the reduction of the uranyl compound to a greeen uranous 
compound. 


VANADIUM 


94. General Properties and Solubilities—Vanadium is a 
grayish-white, non-magnetic metal that has a specific gravity 
of 6.025 and which melts at 1,720° C. It is insoluble in hydro- 
chloric acid and cold sulphuric acid. Hot, concentrated sul- 
phuric acid dissolves the metal slowly as. does hydrofluoric 
acid. It dissolves rapidly in nitric and chloric acids. 


95. Preparation of Vanadium Solution.—A solution that 
will be satisfactory for the vanadium reactions may be pre- 
pared by dissolving about 5 grams of sodium vanadate, 
Na,VO0,16H,0, in 100 cubic centimeters of water and adding 
5 cubic centimeters of hydrochloric acid. Sodium vanadate 
is very soluble in both hot and cold water. 


96. Dry Reactions.—Vanadium compounds dissolve in 
the borax bead in both the oxidizing and reducing flames, 
forming clear beads. When a bead that contains a small 
quantity of vanadium is heated in the oxidizing flame, a color- 
less bead is produced, but if much vanadium is present, the 
bead will have a yellow color. If a bead that contains a small 
quantity of vanadium is heated in the reducing flame, a green 
bead is obtained, whereas, if more vanadium is present, the 
bead will be brown when hot and will turn green on cooling. 


97. Wet Reactions—A vanadium solution reacts with 
reagents as follows: 

1. Ammonium hydroxide causes the color of a cold acid 
solution of a vanadate to change from green to yellow. 

2. Sodium hydroxide produces a brown precipitate in acid 
solution. The precipitate is soluble in an excess of the reagent. 

3. Lead acetate precipitates all of the vanadium from solu- 
tion as lead vanadate, 


2Na,V O,+3Pb(C,H,0,),=Pb,(VO,),+6NaC,H,O, 
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4. Hydrogen sulphide does not form a precipitate in acid 
solution, but reduces the vanadate to soluble, blue-colored 
divanadyl tetrachloride, 


_ 2Na,V0,+H,S+10HCI=V,0,Cl, +6NaCl+S+6H,0 


5. Reducing agents added to acid solutions of vanadates 
cause a reduction to blue vanadyl compounds. 

6. Hydrogen peroxide, added to a vanadate solution, pro- 
duces a reddish-brown color owing to the formation of per- 
vanadic acid, 


Na,V O,+H,0,+3HCIl=HVO,4+3NaCI+2H,O 


7. Potassium ferrocyanide produces a green precipitate of 
vanadium ferrocyanide that is insoluble in acids. 


ZINC 


98. General Properties and Solubilities—At ordinary 
temperatures zinc is a bluish-white, hard, brittle metal that 
has a specific gravity of about 7. Between 100° and 150° C., 
however, it is malleable and ductile and may be rolled into 
thin sheets. 

Chemically pure zinc is only slowly attacked by hydrochloric 
or sulphuric acid, but is dissolved in nitric acid. Common 
zinc, which contains small quantities of other metals, dis- 
solves readily in hydrochloric or sulphuric acid, and is largely 
used in the laboratory for the preparation of hydrogen, which 
is accomplished by dissolving zinc in one of these acids. 


99. Preparation of Zinc Solution.-A solution that will 
be satisfactory for the zinc reactions may be prepared by 
dissolving about 5 grams of zinc sulphate, ZnSO,'7H,O, in 
100 cubic centimeters of water to which has been added 2 or 
3 drops of sulphuric acid. 

Zinc sulphate is soluble to the extent of 115 parts in 100 
parts of cold water and 633 parts in 100 parts of hot water. 


100. Dry Reactions—Zinc compounds, when mixed 
with sodium carbonate and heated on the charcoal before the 
TUT aC 
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blowpipe, are reduced to the metal. The latter is immediately 
vaporized, however, and is oxidized to the oxide, which forms 
an incrustation on the charcoal, yellow when hot and white 
when cold. When zinc oxide is moistened with a solution 
of cobalt nitrate and heated, it becomes green in color. Zinc 
compounds impart a yellow color to the hot borax or micro- 
cosmic beads, which fades to a white when the bead cools. 


101. Wet Reactions.—A zinc solution reacts with reagents 
as follows: 

1. Ammonium hydroxide precipitates white zinc hydroxide 
from neutral solutions, 


ZnSO,+2NH,OH =Zn(OH),+(NH,).SO, 


The precipitate is soluble in an excess of the reagent, form- 
ing a complex zinc ammonium salt, 


Zn(OH),+6NH,OH =Zn(NH,),(OH),+6H,O 


2. Fixed alkali hydroxides precipitate white zinc hydroxide 
which is’ soluble in an excess of the reagent, a zincate being 
formed, 

Zn(OH),+2NaOH = Na,ZnO,+2H,O 


3. Ammonium carbonate precipitates a white basic zinc 
carbonate that is soluble in an excess of the reagent. 

4. Sodium carbonate precipitates a white basic zinc car- 
bonate that is sparingly soluble in an excess of the reagent. 

5. Ammonium sulphide precipitates white zinc sulphide, 
ZnS, which is insoluble in excess, but easily soluble in hydro- 
chloric, sulphuric, and nitric acids. The precipitation is 
hastened by the presence of ammonium chloride, and also by 
warming. 

6. Potassium ferrocyanide precipitates white zinc ferro- 
cyanide, Zn,Fe(CN).,, which is insoluble both in acids and in 
ammonia. 


QUALITATIVE ANALYSIS 


(PART 3) 
ANALYSIS OF SOLUTIONS FOR COMMON METALS 


INTRODUCTION 


1. When the beginner in qualitative analysis has become 
thoroughly familiar with the reactions of the common metals, 
as presented in the preceding Sections, he will find himself 
in a position to undertake the more difficult but at the same 
time, more interesting work involved in the identification of 
metals in solution. 

The importance and practicability of the work should be 
realized at the time it is begun, since it constitutes a great 
part of the fundamental training of all chemists and, there- 
fore, must not be slighted nor hurriedly passed over. A knowl- 
edge of what reactions occur when the different metals and 
reagents are brought together under various conditions, serves 
to distinguish the trained analytical chemist from others who 
have a superficial knowledge of methods alone. 


SOLUTION OF SOLID SUBSTANCES 


2. Metals and Alloys.—With reference to their solubilities, 
metals and alloys may be classified as follows: 

1. Metals that are not acted on by nitric acid, consisting 
of gold and platinum. 

2. Metals that are oxidized by nitric acid, but whose oxides 
are not soluble to any considerable extent in an excess of 
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the acid, or in water. This group consists of tin and antimony ; 
and, in the presence of these metals, arsenic, and sometimes 
bismuth, forms compourids that are insoluble in nitric acid 
and water. 

3. Metals that, when treated with nitric acid, form nitrates 
that are soluble in an excess of the acid, or in water. This 
class includes all the metals, except those just mentioned. 

If the appearance of the substance indicates that it is a 
metal or an alloy, an attempt should be made to dissolve it in 
nitric acid. Whether or not any of it has gone into solution 
as the result of this treatment may be ascertained by evaporat- 
ing most of the acid, after which the solution is diluted with 
water to about five times its volume and filtered if necessary. 
If filtration is unnecessary, some of. the solution should be 
decanted and tested for metals by the methods given subse- 
quently. If these tests show that none of the metal has dis- 
solved in nitric acid an effort should be made to dissolve it 
in aqua regia and after the excess acid is driven off and the 
solution is diluted, it is tested for gold or platinum. How- 
ever, if an insoluble mass is formed on treatment with nitric 
acid or aqua regia, it should be filtered off and the filtrate 
examined for metals that may have gone into solution. The 
precipitate will probably be the oxide of tin or antimony, or 
possibly one or both of these, together with arsenic or bismuth. 
In addition to these, the precipitate may contain undissolved 
gold or platinum. After washing it two or three times on 
the filter, it is removed to a porcelain dish and heated with 
yellow ammonium sulphide. If not all dissolved, filter, wash 
well on the filter, and treat the filtrate for the separation of 
tin, antimony, and arsenic, as described later. 

The precipitate may contain gold, platinum, and bismuth. 
Dissolve it in aqua regia, drive off most of the excess of acid, 
dilute with water, heat almost to boiling, and lead a current 
of hydrogen sulphide through the hot solution until the metals 
are completely precipitated as sulphides. Filter, remove the 
precipitate to a porcelain dish, and heat some time with a mix- 
ture of equal parts of concentrated nitric acid and water. This 
will dissolve the bismuth sulphide, and leave the sulphides of 
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gold and platinum unattacked. Filter, and test the filtrate 
for bismuth. Then dissolve the precipitate in aqua regia, and 
test for gold and platinum. If both gold and platinum are 
present, they are separated by means of oxalic acid. 


3. Miscellaneous Solids.—Solid substances, other than 
the metals and alloys and excepting those of simple composi- 
tion, which yield positive results by dry methods of analysis, 
should be dissolved and the resulting solutions tested by the 
wet methods. 

With reference to their solubilities these solid substances 
may be classified as follows: 

1. Substances soluble in water. 

2. Substances insoluble in water, but soluble in an acid. 

3. Substances decomposed by fusing with carbonates. 

As complex substances may contain compounds belonging 
to each of these classes, a small portion should be heated in 
a test tube with water, the filtrate tested for compounds that 
may have gone into solution, and the residue treated with acids. 
The excess of acid should be driven off after this operation, 
the substance diluted with water, filtered, the filtrate) tested 
for substances that may have been dissolved, and the residue, 
if any remains, fused with carbonates of sodium and potassium. 
By this treatment, all compounds may be dissolved. 


4. Substances Soluble in Water.—The solubility of the 
substance in boiling water should first be ascertained. All 
substances must be ground to a fine powder before treatment. 
If an undissolved residue remains, it should be filtered off, 
and the clear filtrate examined for compounds that may have 
been dissolved. The principal substances dissolved by water 
are: 

1. All chlorates, hypochlorites, acetates, and formates. 

2. All chlorides, bromides, and iodides, except those of 
silver, lead, and mercury in the mercurous condition.* 

3. All nitrates and nitrites except a few basic nitrates. 


* Cuprous chloride, bromide, and iodide are insoluble in water ; but, 
as they are not common, and are rapidly oxidized to soluble cupric 
compounds, they may generally be disregarded. 
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4. All sulphates, with the exception of lead, mercurous, 
barium, strontium, and calcium sulphates. 

5. The alkalies and all their compounds, except metanti- 
monate of sodium, potassium silicofluoride, and complex sili- 
cates. 

6. The chromates of copper, zinc, manganese, ferric iron, 
and mercury in the mercuric condition. 

7. Oxalates of chromium, aluminum, antimony, ferric iron, 
and tin in the stannic condition. 

8. Sulphides of the alkaline earths. The sulphides of 
calcium and magnesium sometimes dissolve in water with dif- 
ficulty. 

In addition to these, the cyanides, arsenites, arsenates, acid 
carbonates, and oxides of the alkaline earths are partially dis- 
solved in water. Calcium sulphate may also be partly dissolved 
in a large quantity of water. 


5. Substances Insoluble in Water.—I{ the substance is 
insoluble in water, a portion should be placed in a small beaker, 
concentrated hydrochloric acid added, and the contents of the 
beaker boiled, if necessary. By this means many substances 
insoluble in water are changed to soluble chlorides. 

If this treatment fails to decompose the substance, a small 
quantity of it should be heated in a beaker with concentrated 
nitric acid. This will oxidize some insoluble compounds, 
forming soluble ones; as, mercurous chloride is oxidized to 
mercuric, etc. 

If the substance is not dissolved by either of these acids 
separately, it should be boiled with aqua regia. If this fails 
to dissolve the substance, it must be fused with the carbonates 
of sodium or potassium. In each case the excess of acid 
should be driven off, water added, the substance filtered, and 
the clear filtrate tested to see if a part of the substance has 
been dissolved. 

In case all of the substance is dissolved by one of these 
acids, the excess of acid is driven off, the solution diluted with 
four or five times its volume of water, and subjected to exami- 
nation for the metals in the wet way. 


QUALITATIVE ANALYSIS, PART 3 5 


6. Substances Fused With Carbonates.—Most substances 
are decomposed by acids, but a few—including anhydrous sili- 
cates, and sulphates of barium, strontium, and, possibly, calcium, 
although the latter is usually dissolved, partly by water and 
partly by acids—remain undissolved, and must be put into 
solution by some other means. The most general method of 
doing this is to fuse the substance with about six times its 
weight of a mixture of equal parts of sodium and potassium 
carbonates. By this means the substances are decomposed, 
the acid of the substance unites with sodium or potassium, 
forming soluble alkali salts, and the metal is changed to car- 
bonate. The fusion may be made in a platinum or nickel 
crucible, and must be continued until chemical action ceases 
and the fusion becomes quiet. 

The fusion after cooling is transferred to a small beaker, 
and boiled with water until it is thoroughly disintegrated. 
The acid, which is combined with an alkali, will now be in 
solution, and the carbonate or oxide of the metal will remain 
undissolved. Filter, and test the filtrate for the acid; then 
dissolve, in hydrochloric acid, the residue that remains on the 
filter, and test this solution for the metal. 


%.  Pulverized silicates that are insoluble in the acids used 
may also be decomposed by hydrofluoric acid, and this method 
must be resorted to when the alkalies are to be determined. 

Insoluble cyanides, ferrocyanides, and ferricyanides are best 
dissolved by fusing in a porcelain crucible, with about five 
times their weight of a mixture of equal parts of sodium 
and potassium carbonates. The acid unites with the alkalies, 
forming soluble cyanide, ferrocyanide, or ferricyanide of 
sodium and potassium, and carbonates or oxides of the metals 
are formed. After disintegrating the fusion in hot water, 
and filtering, the acid may be determined in the filtrate. Then 
the precipitate is dissolved in nitric acid, and the metals deter- 
mined in this solution. 

Porcelain crucibles, are, of course, attacked by fused sodium 
carbonate and potassium carbonate, and usually must be dis- 
carded after being used once. In practically all cases where 
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fusions must be resorted to, a nickel crucible may be used. 
If by any chance the crucible is ruined, the expense of replac- 
ing it cannot be compared with the cost of a new platinum 
crucible. 


8. Care of Platinum Apparatus—Platinum vessels, espe- 
cially new ones, after exposure to high heat, should be scoured 
with sea sand (round grains). The heating in contact with 
gas, especially when the combustion is not complete, causes a 
gray deposit on the platinum, probably due to the formation 
of a carbide. There is also a slight tendency to crystallize. 
This film makes the platinum brittle; but the rubbing with 
moist sea sand removes this film without materially damaging 
the vessel. Stains on the inside that are not removed by scrub- 
bing with sand may generally be removed by digesting with 
warm hydrochloric acid, or by fusing with potassium bisulphate. 

Platinum vessels should never be heated in contact with 
any of the following substances: (1) Free metals; (2) com-_ 
pounds that might be reduced to metals; (3) phosphates and 
organic matter (such as filter paper) ; (4) hydroxides, cyanides, 
or sulphides of the alkalies, or compounds that might yield 
these substances; (5) nitrates of the alkalies, except in the 
presence of large amounts of carbonates; (6) compounds that 
might yield free chlorine; (7) compounds of arsenic or anti- 
mony. 


IDENTIFICATION OF METALS 


GROUP SEPARATIONS 


9. Necessity of Systematic Plan of Analysis—In the 
identification of one or more metals in the same solution, it 
is necessary that some systematic plan or scheme of analysis 
be available. Thus, although the color and character of the 
precipitates obtained when sodium hydroxide solution is added 
to separate solutions of calcium, copper, and iron, are known, 
the knowledge would be of little value in identifying these 
precipitates if the reagent were added to a single solution that 
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contained compounds of the three metals. In other words, it 
would be practically impossible to distinguish between the 
hydroxides of calcium, copper, and iron if formed in the same 
solution. Therefore, since the chemist frequently is called 
on to identify the different constituents which make up a 
material, several schemes of analysis have been developed. By 
the use of any of these schemes, the chemist obtains. results 
largely by a process of elimination. Thus, by means of 
reagents that under certain conditions precipitate certain metals 
only, it is possible to arrange the common metals into groups 
that contain comparatively few metals. When one of these 
reagents is properly used and no precipitate is produced it is 
obvious that the particular metals with which it produces a 
precipitate, are not present. On the other hand, when a pre- 
cipitate is produced by one of these reagents, properly used, 
it will consist of a compound of one or more of the metals 
precipitated only by it. 


10. Grouping of Common Metals.—The group reagents 
used in the particular plan of analysis that will be described, 
are hydrochloric acid, hydrogen sulphide, ammonium sulphide, 
ammonium carbonate, and sodium phosphate. By means of 
these reagents, used in the order given, it is possible to arrange 
the common metals into six groups as shown in Table I. 

Assume that all the metals included in the six groups are 
present in one solution. Then on the addition of hydrochloric 
acid, in slight excess, the chlorides of the metals of Group I, 
silver, lead, and mercury, are precipitated. The precipitate is 
filtered off and hydrogen sulphide is introduced into the filtrate, 
which contains a slight excess of hydrochloric acid, and the 
sulphides of the metals of Group II, lead, mercury, cadmium, 
copper, bismuth, antimony, tin, and arsenic are precipitated. 
Lead is incompletely precipitated by hydrochloric acid in 
Group I because of the slight solubility of its chloride in dilute 
hydrochloric acid. Therefore, that which remains in solution 
on the addition of hydrochloric acid in Group I, is precipitated 
as the sulphide in Group II. The mercury precipitated in 
Group I as mercurous chloride, is monovalent. That precipi- 
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tated in Group II as mercuric sulphide, is divalent. Both 
divalent and tetravalent tin, and trivalent and pentavalent anti- 
mony and arsenic, are precipitated as sulphides in Group II. 
Some of the sulphides of the metals of this group are soluble 
in ammonium sulphide and ammonium hydroxide, whereas 
others are insoluble in these reagents. This property permits 
of a further arrangement of the metals of Group II into two 
divisions, A and B. The metals of Division A are lead, mer- 
cury, cadmium, copper, and bismuth; those of Division B 
are antimony, tin, and arsenic. 


11. After filtering the sulphides of the metals of Group II 
from solution, the filtrate is boiled to expel the excess of 
hydrogen sulphide. A small quantity of ammonium chloride 
is then introduced into the solution, either by adding the solid, 
some of the reagent solution, or by adding hydrochloric acid 
and then neutralizing it with ammonium hydroxide. After the 
ammonium chloride has been introduced, the metals of Group ITI 
are precipitated as sulphides and hydroxides either by ‘adding 
ammonium sulphide to the solution, or by adding ammonium 
hydroxide in slight excess, and then introducing hydrogen sul- 
phide. The precipitates of the metals of Group III are filtered 
off and the filtrate boiled to decompose any excess ammonium 
sulphide that may be present. The solution is then made 
strongly ammoniacal and ammonium carbonate solution is added 
until a slight excess is present. The metals of Group IV are 
thus precipitated as carbonates. 

Group V contains but one metal, magnesium. It is precipi- 
tated as magnesium ammonium phosphate by adding sodium 
phosphate solution to the ammoniacal filtrate from Group IV. 

Group VI consists of the ammonium radical, and the metals 
potassium and sodium. None of the members of this group 
are precipitated by the common reagents and must be identified 
by means of special tests. 


12. It should be realized that in order to separate the 
common metals into the different groups, the group reagents 
must be used in regular order. Thus it is seen that for the 
precipitation of the metals of Group II, hydrochloric acid must 
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be present in the solution, and hydrochloric acid is the reagent 
used for the precipitation of the metals of Group J. Again, 
given a solution that contains all of the common metals, it would 
not be possible to precipitate the metals of Group III alone, 
by the addition of ammonium sulphide, if the metals of 
Groups I and II had not previously been removed. When 
the group reagents are used in regular order, the beginner 
will know just what common metals may be present in any 
precipitate that is obtained. 


SEPARATION AND IDENTIFICATION OF METALS OF GROUP I 


13. Reagents Required.—In carrying out the directions 
that follow, or any other method of analysis, a great deal 
of time and effort will be saved if the solutions required have 
been previously prepared. In the separation and identification 
of the metals of Group I, the following reagents and solutions 
are required: 


Acetic acid (about 35 per Hydrochloric acid (dilute, 1 : 6) 


cent. ) Lead nitrate (5 per cent.) 

Ammonium acetate (20 Mercurous nitrate (5 per 
per cent.) cent. ) 

Ammonium hydroxide (con- Potassium chromate (10 per 
centrated ) cent. ) 

Aqua regia Silver nitrate (5 per cent.) 


Bromine water (saturated) 


14. Precipitation and Washing.—The solution to be used 
may be made by mixing equal quantities of the solutions of 
lead nitrate, mercurous nitrate, and silver nitrate, prepared 
according to the directions given in a preceding Section. 

About 15 cubic centimeters of the mixed solutions (5 cubic 
centimeters of each) is placed in a small beaker, and dilute hydro- 
chloric acid added, drop by drop, the solution being constantly 
stirred. The addition of hydrochloric acid is continued until 
precipitation is complete. That this point has been reached 
may be ascertained by allowing the precipitate to settle and 
then adding a drop of the reagent to the clear liquid above it. 
If further precipitation does not occur, the reagent is evidently 
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present in excess and the precipitate consisting of the chlorides 
of lead, mercury, and silver, is filtered off. In order to be 
certain that all of the metals have been precipitated, a drop 
of hydrochloric acid is added to the filtrate. If a precipitate 
is obtained, more of the reagent is added until precipitation 
seems to be complete. The reagent should always be added 
drop by drop and a large excess should always be avoided. 
With a little practice no difficulty should be experienced in 
completely precipitating the metals from a solution on the 
first addition of the reagent. When a second precipitate is 
obtained from the filtrate from the first, it is filtered off 
on the filter that already contains the first precipitate. 

The chlorides of the metals are then washed on the filter 
with cold water from the wash bottle, until free from the 
reagent. This will require about three washings, about 7 cubic 
centimeters of water being used for each. 

In order to be sure that all of the hydrochloric acid has 
been removed from the precipitate, catch the last few drops 
of the third portion of wash water, after it passes through 
the filter, in a test tube that contains 1 or 2 cubic centimeters 
of the solution of Group I metals. If a precipitate is obtained, 
it indicates that the precipitate still contains some hydrochloric 
acid and the washing must be continued until a drop of the 
wash water no longer causes precipitation when introduced 
into some of the solution of the Group I metals. 


15. Separation and Identification—In order to separate 
and identify the metals of Group I, place a test tube under 
the funnel in which is the filter paper that contains the chlorides 
of the metals, and then fill the filter with boiling water, in 
which lead chloride is soluble to the extent of 3.34 parts in 
100. Collect the first 5 cubic centimeters of hot water that 
passes through the filter and test it for lead by adding 3 or 
4 drops of concentrated sulphuric acid. A white precipitate 
of lead sulphate will be formed. Filter off the precipitate of 
lead sulphate, wash it once with cold water and then pour 
10 cubic centimeters of a hot, 20 per cent. solution of ammonium 
acetate through ‘the filter, add a few drops of potassium 
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chromate solution and about 3 cubic centimeters of dilute acetic 
acid to the resulting solution. A yellow precipitate of lead 
chromate will be formed. Continue washing the chlorides of 
the metals on the filter with hot water until the washings give 
no test for lead when brought in contact with potassium 
chromate solution. The chlorides of silver and mercury remain 
on the filter. Pour about 5 cubic centimeters of concentrated 
ammonia around the upper edge of the filter paper to dissolve 
the silver chloride and collect the filtrate in a test tube or 
small beaker. On carefully acidifying the filtrate with nitric 
acid, a white, curdy precipitate of silver chloride will be formed. 
As the result of the ammonia treatment, the mercurous chloride 
on the filter is converted into black mercuric amino chloride 
that is soluble only in aqua regia. The color of the precipitate 
and its insolubility in single acids is sufficient evidence of the 
presence of mercury. However, the black precipitate may be 
dissolved in hot, concentrated aqua regia, most of the acid 
evaporated, the solution diluted with water and tested for 
divalent mercury. 


16. If in the combined precipitates of silver chloride 
and mercurous chloride, only a comparatively small proportion 
is silver chloride, the treatment of the combined precipitates 
with ammonia may fail to dissolve the silver chloride. There- 
fore, in working with a solution the contents of which are 
unknown, a second method for the separation of silver and 
mercury should be used also in order to avoid overlooking a 
small quantity of silver. Thus, if on acidifying the ammoniacal 
washings of the precipitate remaining after lead has been 
removed, a white curdy precipitate of silver chloride is not 
obtained, wash the black residue several times with water and 
then pour over it a mixture consisting of 5 cubic centimeters 
of concentrated hydrochloric acid and 15 cubic centimeters of 
saturated bromine water. Catch the solution as it passes 
through the filter, in a small beaker and when all has passed 
through, return it to the filter and collect it again. Repeat the 
operation at least six times. By this procedure the mercurous 
chloride and the black mercuric compound are converted to 
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a soluble mercuric salt, and silver remains on the filter as a 
chloride or bromide. The solution may be boiled to expel 
bromine and will then respond to the usual tests for divalent 
mercury. The silver salt on the filter is washed several times 
with hot water and then treated with about 5 cubic centimeters 
of concentrated ammonia. On acidifying the ammoniacal solu- 
tion obtained, a white precipitate of silver chloride will be 
formed. 


SEPARATION AND IDENTIFICATION OF THE METALS OF GROUP II 


17. Reagents Required—The following reagents will be 
required for the separation and identification of the metals of 
Group II: 


Acetic acid (35 per cent.) 
Ammonium acetate (20 per 


cent.) 

Ammonium carbonate (satu- 
rated ) 

Ammonium hydroxide (con- 
centrated ) 


Ammonium sulphide 
Hydrochloric acid 
trated ) 
Hydrochloric acid (1:2) 
Hydrogen sulphide 
Magnesium mixture 


(concen- 


Mercuric chloride (5 per cent.) 
Nitric acid (concentrated) 
Nitric acid (1:2) 

Potassium ‘chromate (10 per 
cent. ) 
Potassium 
cent. ) 
Potassium ferrocyanide (5 per 

cent. ) 
Sulphuric acid (concentrated ) 
Sulphuric acid (1:6) 
Yellow ammonium sulphide 


cyanide (5 per 


18. Precipitation.—The solution to be tested may contain 


the nitrates and chlorides or other soluble inorganic salts 
of the metals of Group II, and may be made by mixing 
equal volumes of the 5 per cent. solutions of the metals that 
already have been made up. 

To about 25 cubic centimeters of the cold solution that 
contains one or more of the metals of Group II, add about 
3 cubic centimeters of concentrated hydrochloric acid, then 
treat the solution with hydrogen sulphide until the latter is 
no longer absorbed. Filter off the precipitate of sulphides and 
wash about three times with hot water that contains a little 
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hydrogen sulphide. Heat the filtrate to the boiling point and 
treat it with hydrogen sulphide to make sure that precipitation 
of all the metals present, especially arsenic, is complete. If a 
yellow precipitate forms slowly, filter it off through a new 
filter and evaporate the filtrate nearly to dryness. Then add 
10 cubic centimeters of concentrated hydrochloric acid and 
again treat the cold solution with hydrogen sulphide. Then 
heat the solution to the boiling point and treat with hydrogen 
sulphide. Now dilute the solution to 100 cubic centimeters 
and continue the treatment with hydrogen sulphide. Filter off 
the resulting precipitate. The foregoing treatment is necessary 
to precipitate arsenic completely when it is present in large 
quantity. 


19. Separation of the Metals of Group II Into Two Divi- 
sions, A and B.—Transfer the sulphides of the metals to a 
small porcelain evaporating dish and add just enough of the 
yellow ammonium sulphide solution to cover them. Warm 
the contents of the dish for about 10 minutes and stir fre- 
quently. Then dilute with about 10 cubic centimeters of water, 
filter and wash about three times with hot water that con- 
tains a little ammonium sulphide. Treat the residue on the 
filter a second time with yellow ammonium sulphide, carrying 
out the operation as before, in order to make sure that all of 
the sulphides of arsenic, antimony, and tin, have been dissolved, 
Then filter and wash as before, and add the filtrate to the 
first one obtained. 

The residue on the filter consists of the sulphides of the 
metals of Division A, mercury, lead, bismuth, copper, and cad- 
mium. The filtrate contains the metals of Division B, arsenic, 
antimony, and tin. 


20. Precipitation of the Metals of Division B.—The fil- 
trate, which contains the metals of Division B, is diluted with 
an equal volume of water, and dilute hydrochloric acid is added 
until the solution is acid in reaction. Arsenic, antimony, and 
tin are precipitated as sulphides, and some sulphur is thrown 
out of solution. Heat the solution to boiling, then remove it 
from the heat and allow the precipitate to settle. Then filter 
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and wash about three times with hot water that contains a 
little hydrogen sulphide. The filtrate is discarded. 


21. Separation of the Metals of Division A.—The pre- 
cipitate is transferred to a small porcelain evaporating dish, 
covered with dilute nitric acid (1:2), and boiled for two or 
three minutes. The sulphides of lead, copper, cadmium, and 
bismuth will be dissolved while the sulphide of mercury will 
remain as a black, insoluble precipitate. Sulphur may also 
be thrown out of solution but it is easily recognized and may 
be disregarded. It generally collects in a pasty mass, which 
may be somewhat discolored by traces of undissolved sulphides. 

Add about 25 cubic centimeters of hot water to the nitric 
acid solution, filter, and wash the precipitate of mercuric sul- 
phide on the filter four times with hot water. The black pre- 
cipitate is evidence of mercury but its presence should be con- 
firmed as follows: Transfer the black precipitate to a small 
porcelain evaporating dish, cover it with aqua regia, and boil, 
or heat it gently with bromine water for several minutes. Then 
boil off the excess of chlorine or bromine, taking care not to 
evaporate to dryness and thus lose mercury by volatilization. 
The concentrated solution is then diluted with about 10 cubic 
centimeters of water, passed through a filter and the filtrate 
tested for mercury by means of stannous chloride. A white 
precipitate is mercurous chloride. Other wet reactions for 
mercury may also be applied. 


22. To the filtrate containing the metals, the sulphides 
of which are soluble in dilute nitric acid, add 4 cubic centi- 
meters of concentrated sulphuric acid. Then evaporate the 
solution slowly until the nitric acid is driven off and dense, 
white fumes of sulphur trioxide are given off. These will 
be first noticed when the volume of the solution approaches 
4 cubic centimeters. The fumes may also be recognized by 
their property of inducing coughing when inhaled. 

Allow the concentrated solution to cool and then dilute it 
to about 25 cubic centimeters with cold water. A white pre- 
cipitate obtained at this point is lead sulphate. Filter off the 
‘precipitate and wash it twice with hot water on the filter. The 
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filtrate contains bismuth, copper, and cadmium. The presence 
of lead in the precipitate is confirmed by pouring onto the 
filter, in 5 cubic centimeter portions, a hot solution of ammonium 
acetate, the precipitate being washed once, after each addition 
of ammonium acetate solution, with hot water. Lead sulphate 
is dissolved and to the solution obtained in this manner, add 
a few drops of potassium chromate solution and about 5 cubic 
centimeters of 35 per cent. acetic acid. A yellow precipitate 
that remains undissolved in the acetic acid, is lead chromate. 


23. A slight excess of ammonium hydroxide is now added 
to the solution that contains bismuth, copper, and cadmium. 
Bismuth will be precipitated as white bismuth hydroxide, while 
copper and cadmium will form precipitates that are at once 
dissolved by an excess of the reagent. The presence of bis- 
muth in the precipitate may be confirmed as follows: Dissolve 
a little of the precipitate in a few drops of hot concentrated 
hydrochloric acid in a test tube, then drive off most of the 
acid by heating. Now introduce a drop or two of the solu- 
tion into a test tube nearly filled with cold water. If a white 
precipitate is formed, it is conclusive evidence of the presence 
of bismuth. If too much acid is left in the bismuth solu- 
tion, no precipitate will be formed. In this case the dilute 
acid solution in the test tube, which failed to give a test for 
bismuth, is treated with hydrogen sulphide. A brown precipi- 
tate confirms the presence of bismuth. 


24. The ammoniacal filtrate from the bismuth determina- 
tion is next examined for copper. If the solution is blue in 
color, copper is present. To confirm its presence, place a 
small portion of the solution in a test tube, acidify it with acetic 
acid and then add a drop of potassium ferrocyanide solution. 
A red precipitate of cupric ferrocyanide, Cu,Fe(CN),, con- 
firms the presence of copper. 


25. In order to test for cadmium, to the blue-colored 
ammoniacal solution is added, drop by drop, a solution of 
potassium cyanide until the blue color just disappears. Then 
treat the colorless solution with hydrogen sulphide. A yellow 
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precipitate of cadmium sulphide will be formed if cadmium 
is present. 


26. Alternative Method for Cu and Cd.—lIn the separa- 
tion of copper and cadmium by the foregoing method, the 
cadmium sulphide obtained may be dark in color, owing to 
the presence of other metals of Group IT that were not com- 
pletely removed previously. To avoid this condition, the fol- 
lowing method for the separation of copper and cadmium may 
be employed: 

Render the filtrate from the bismuth slightly acid with 
hydrochloric acid, and pass a current of hydrogen-sulphide 
gas through it until the copper and cadmium are both com- 
pletely precipitated. Filter and wash the precipitate two or 
three times with hot water and a few drops of hydrogen-sulphide 
solution. Remove the precipitate to a porcelain dish as quickly 
as possible, in order to avoid the oxidizing action of the air, 
treat it with warm dilute sulphuric acid, and bring to boiling 
in order to expel the hydrogen sulphide generated by the action 
of the sulphuric acid upon the sulphides. Cadmium sulphide 
will be dissolved, while copper sulphide remains as a_ black 
insoluble compound. It should be filtered at once, and the 
precipitate examined for copper, by dissolving it in nitric acid 
and applying the reactions given for copper. 

To test the filtrate for cadmium, add ammonia in sufficient 
quantity to render the solution alkaline, and then add just 
enough hydrochloric acid to render it distinctly acid, and 
again pass a current of hydrogen sulphide through it, when 
cadmium, if present, will be precipitated as yellow cadmium 
sulphide. 


2%. Separation of the Metals of Division B.—The yellow 
or orange-colored precipitate of the metals of Division B, with 
the accompanying sulphur, is transferred to a small porcelain 
evaporating dish and sufficient concentrated hydrochloric acid 
added to cover the precipitate. Heat the contents of the dish 
just to the boiling point of the acid, for 10 or 15 minutes. The 
sulphides of tin and antimony will be dissolved and the arsenic 
will remain as a yellow sulphide. Dilute the solution with 
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twice its volume of water, filter, and wash the arsenic sulphide 
twice with hot water. Tin and antimony are in the filtrate. 


28. To confirm the presence of arsenic, remove the pre- 
cipitate to a small porcelain evaporating dish and add to it a 
small quantity of concentrated nitric acid. If the precipitate 
is so small that it cannot be removed from the filter, the part 
of the paper containing the precipitate may be placed in the 
dish and the acid added. In either case, heat until the pre- 
cipitate is dissolved and most of the acid is driven off; then 
add a little water and filter to remove free sulphur and filter 
paper, receiving the filtrate in a small beaker. Evaporate 
the filtrate to about 2 cubic centimeters, cool and add to it 
about 6 cubic centimeters of ammonium hydroxide and about 
5 or 10 drops of magnesium mixture. Transfer the solution 
to a test tube and stir with a glass rod, rubbing the latter against 
the walls of the tube. Then let the tube stand for about an 
hour. The formation of a white crystalline precipitate of 
magnesium arsenate proves the presence of arsenic. 


29. Test the acid filtrate, which contains tin and anti- 
mony, for these metals by placing in it several small pieces of 
zinc. Then place a piece of platinum foil in contact with one 
of the pieces of zinc and leave it thus for a few seconds. If 
antimony is present, some of it will be deposited on the platinum, 
forming a black stain. Remove the platinum and allow the 
acid to act on the zinc, until all chemical action ceases, and 
some zinc remains undissolved. During this action some of 
the antimony escapes as SDH, and the rest is deposited on 
the zinc as metallic antimony, in the form of a black powder. 
The tin is all deposited either as a gray powder or as a gray, 
spongy mass of metallic tin. The pieces of zinc are now 
removed and the adhering metals are washed back into the 
dish and allowed to settle. Decant the clear liquid, and wash 
two or three times by decantation, finally decanting as much 
of the water as possible. Add a little concentrated hydrochloric 
acid and heat to boiling. The tin will dissolve to stannous 
chloride, while the antimony remains unchanged. Add a little 
water and filter, receiving the filtrate in a test tube. To the 


20 QUALITATIVE ANALYSIS, PART 3 


filtrate add a few drops of mercuric chloride solution. A 
white precipitate, which is mercurous chloride, is evidence of 
the presence of tin. 


30. Alternative Method for the Separation of the Metals 
of Division B.—The metals of Division B ay also be sepa- 
rated by the following method: 

The precipitated sulphides of the metals are transferred 
to a small porcelain evaporating dish and covered with a 
saturated solution of ammonium carbonate, and heated for 
several minutes, the contents of the dish being constantly 
stirred. By this treatment the arsenic is converted into two 
soluble compounds, ammonium sulphoarsenite and ammonium 
arsenate, while the sulphides of antimony and tin remain unal- 
tered. Filter off the latter and wash three or four times on 
the filter with hot water. 

The alkaline filtrate is treated with an excess of hydrochloric 
acid, when arsenic, if present, will be precipitated as yellow 
arsenious sulphide. This is sufficient evidence of arsenic, but 
it may be confirmed by either of the methods previously given. 
The precipitate of antimony and tin is transferred to a small 
porcelain evaporating dish, dissolved in concentrated hydro- 
chloric acid, and the two metals separated as already described. 


SEPARATION AND IDENTIFICATION OF THE METALS OF GROUP II 
ABSENCE OF H;P0O, AND H,C20, 


31. Reagents Required.—The following reagents either 
in the solid form or in solution will be required for the separa- 
tion and identification of the metals of Group III when phos- 
phoric acid and oxalic acid are absent: 


Acetic acid (35 per cent.) Cobalt nitrate (5 per cent.) 
Ammonium chloride (10 per Dimethylglyoxime 


cent.) Hydrochloric acid (concen- 
Ammonium hydroxide (con- trated) 

centrated ) Hydrochloric acid (1:3) 
Aqua regia Hydrogen sulphide 


Borax Hydrogen sulphide water 
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Nitric acid (concentrated ) Potassium nitrite (50 per 
Potassium cyanide (5 per cent.) 

cent.) Silver nitrate (5 per cent.) 
Potassium ferrocyanide (5 per Sodium carbonate 

cent.) Sodium hydroxide (50 per 
Potassium nitrate cent.) 


32. Precipitation.—The solution to be tested contains the 
metals of Group III; namely, iron, chromium, aluminum, 
cobalt, nickel, manganese, and zinc. The mixed solutions may 
be prepared by mixing equal quantities of the test solutions 
that have already been made up. To about 25 cubic centi- 
meters of the boiling test solution add about 5 cubic centimeters 
of 10 per cent. ammonium chloride solution, then render the 
solution slightly ammoniacal and introduce hydrogen sulphide 
until precipitation is complete. Filter off the precipitated sul- 
phides and wash them immediately on the filter with hot water 
that contains a little hydrogen sulphide. A turbid filtrate indi- 
cates that some of the sulphides have been oxidized to sulphate. 
Therefore, if the precipitate of sulphides filters slowly, keep 
the funnel covered with a watch glass so as to avoid contact 
with the oxygen of the air. Test the filtrate to ascertain 
whether or not all of the metals have been precipitated. When 
all of the metals have been removed from solution, the final 
filtrate may be discarded. 


33. Separation and Identification of Ni and Co.—Trans- 
fer the precipitate of sulphides to a small porcelain dish and 
digest with cold, dilute (1:3) hydrochloric acid, stirring con- 
stantly until hydrogen sulphide is no longer evolved. Filter 
off the residue, which consists: of the sulphides of cobalt and 
nickel, and wash it with a little of the dilute hydrochloric acid. 

Nickel colors the borax bead brown and cobalt colors it 
blue. Therefore, if a little of the precipitate colors the borax 
blue, cobalt is present and further confirmation is unnecessary. 
Some of the precipitate is then dissolved in aqua regia, the 
excess of acid evaporated, the solution diluted with water, and 
nickel precipitated by the addition of ammonium hydroxide 
and dimethylglyoxime. If the borax bead is brown in color, 
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nickel is present and it is necessary to confirm the presence 
of cobalt only. This may be done by dissolving some of the 
precipitate in aqua regia, removing most of the acid by evapora- 
tion, and then adding a strong solution of potassium nitrite. 
The solution containing the nickel is then acidified with acetic 
acid and allowed to stand. A‘yellow precipitate which is gradu- 
ally formed is potassium cobalti-nitrite, K,Co(NO,).. 


34. Iron, Chromium, and Manganese.— The solution 
obtained when the sulphides of the metals were digested in 
dilute hydrochloric acid, contains iron, chromium, aluminum, 
manganese, and zinc. The iron is oxidized to the ferric state 
by heating the solution with 2 to 3 cubic centimeters of nitric 
acid. Sodium hydroxide solution (50 per cent.) is then added 
to strong alkalinity and the solution,’boiled. Iron, chromium, 
and manganese are precipitated as hydroxides while alumi- 
num and zinc remain in solution. The solution should be 
diluted with its own volume of water and the precipitate 
filtered off. 

The precipitated hydroxides of iron, chromium and man- . 
ganese are dissolved in the smallest possible quantity of hydro- 
chloric acid, the resulting solution diluted with about 15 cubic 
centimeters of water and boiled for a few minutes. About 
5 cubic centimeters of ammonium chloride solution are then 
added and the solution of the metals is then made slightly 
ammoniacal. The iron and chromium are precipitated while 
the manganese remains in solution. 

Part of the precipitate is dissolved in as little hydrochloric 
acid as possible, the solution diluted with a little water, and 
potassium ferrocyanide solution added. The formation of 
Prussian blue is evidence of the presence of iron. The 
remainder of the precipitate may be tested for chromium by 
fusing it with a mixture of sodium carbonate and potassium 
nitrate. In this way sodium chromate is formed which imparts 
a yellow color to the solution obtained by dissolving the fusion 
mixture in water. This solution is acidified with acetic acid 
and a drop of silver nitrate solution added. A red precipitate 
of silver chromate is evidence of the presence of chromium. 
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The filtrate, which contains the manganese, is evaporated 
to dryness, the residue dissolved in a little water and a few 
drops of potassium cyanide solution added. The manganese 
solution is then diluted with about 10 cubic centimeters of 
water, ammonium sulphide added, and the solution boiled. A 
flesh-colored precipitate is manganese sulphide. 


35. Aluminum and Zinc.—Aluminum and zinc are in the 
alkaline solution obtained when they were separated from iron, 
chromium, and manganese. The solution is acidified with 
hydrochloric acid, then made slightly ammoniacal, whereupon 
white aluminum hydroxide is precipitated. After it is filtered 
off and washed with hot water, zinc ‘will be found in the 
filtrate, from which it may be precipitated as white zinc sulphide 
by the addition of ammonium sulphide. 

The presence of zinc may also be verified by dissolving some 
of the white precipitate in a porcelain crucible with nitric acid 
and then adding 2 or 3 drops of cobalt nitrate solution. On 
evaporating to dryness and then igniting, a green color—Rinn- 
mann’s green—will be obtained. This is conclusive evidence 
of the presence of zine. 


SEPARATION AND IDENTIFICATION OF THE METALS OF GROUP III 
PRESENCE OF HzP0O, OR H.C20, 


36. Presence of Phosphoric Acid.—If phosphoric acid is 
present with the metals of Group III, neutralization of the 
solution will cause the precipitation of the metals of Groups IV 
and V as phosphates along with those of Group III. 

When it has been shown that phosphoric acid is present, 
the solution of Group III metals is evaporated to dryness, 
10 cubic centimeters of concentrated nitric acid added, and 
the solution again evaporated to dryness. The operation is 
repeated a second time with 10 cubic centimeters of nitric acid, 
and then a third addition of concentrated nitric acid is made 
to the residue obtained from the second evaporation with acid 
and about 1 gram of tin in the form of tin foil is added to 
the solution. In this way metastannic acid is produced, which 
forms an insoluble compound with the phosphoric acid. The 
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solution is then heated to the boiling point, evaporated to a 
small volume, and then poured into a tall narrow cylinder, 
capacity about 100 cubic centimeters, which is nearly filled 
with water. After standing for several hours, but preferably 
overnight, the supernatant liquid may be poured, siphoned or 
removed by means of a pipette from the metastannic acid, 
which contains all of the phosphoric acid. 

The solution is then treated with hydrogen sulphide to 
remove any Group II metals that may have been introduced 
as impurities with the tin. If a precipitate is formed it is 
filtered off and discarded. The filtrate is then treated with 
ammonium chloride, ammonium hydroxide, and ammonium 
sulphide, and the metals of Group III precipitated and sepa- 
rated as already described. 


37. Presence of Oxalic Acid.—If it has been shown that 
oxalic acid is present in solution with the metals of Group III, 
it may be removed by evaporating the solution to dryness, 
mixing the residue with powdered ammonium nitrate and then 
igniting. After cooling, the residue is dissolved in concen- 
trated hydrochloric acid, the solution diluted, and the metals 
of Group III precipitated as already described. 


SEPARATION AND IDENTIFICATION OF THE METALS OF GROUP IV 


38. Reagents Required.—The following reagents will be 
required for the separation and identification of the metals of 
Group IV: 


Acetic acid (35 per cent.) Hydrochloric acid (concen- 
Ammonium carbonate (10 per trated) 

cent.) Hydrochloric acid (1:3) 
Ammonium chloride (10 per Nitric acid (concentrated) 

cent. ) 4 Potassium chromate (5 per 
Ammonium hydroxide (con- cent. ) 

ceitrated ) Potassium ferrocyanide (25 
Ammonium sulphate (35 per per cent.) 


cent.) Sulphuric acid (1:6) 


QUALITATIVE FANALYSIS, PART 3 2 


39. Precipitation—The solution to be tested contains the 
metals of Group IV; namely, barium, strontium, and calcium. 

To the boiling solution of the metals, add 5 cubic centimeters 
of ammonium chloride solution and then ammonium hydroxide 
to distinct alkalinity and finally ammonium carbonate solution 
in sufficient quantity to completely precipitate the metals as 
carbonates. Continue the boiling for one minute, allow the 
precipitate to settle, and then filter. Wash the precipitate on 
the filter once or twice with hot water. The filtrate may be 
discarded. 


40. Barium.—Transfer the precipitate to a small beaker 
and dissolve it in the smallest possible quantity of acetic acid 
with the aid of gentile heat. Cool the resulting solution and 
add from 1 to 2 cubic centimeters of potassium chromate solu- 
tion. Yellow barium chromate will be precipitated. The pre- 
cipitate is filtered and washed twice on the filter with hot water. 
The filtrate contains strontium and calcium. 

The presence of barium in the yellow precipitate is con- 
firmed by dissolving it in as little hot concentrated hydrochloric 
acid as possible, evaporating the solution to dryness and then 
bringing a little of the residue into the colorless Bunsen flame 
by means of a clean platinum wire. A flash of green color 
confirms the presence of barium. 


41. Strontium and Calcium.—-Heat the filtrate from the 
barium chromate to the boiling point, make it ammoniacal, 
add ammonium carbonate solution, and continue the boiling 
for one minute. The carbonates of strontium and calcium 
are precipitated. Then, filter and wash the precipitate on 
the filter four times with hot water to free it from potassium 
chromate. Then dissolve it in the least necessary quantity 
of concentrated hydrochloric acid. Evaporate most of the 
acid, then take up the residue with from 2 to 3 cubic centi- 
meters of water and add dilute sulphuric acid (1:6) to pre- 
cipitate the strontium and calcium as sulphates. Allow the 
precipitate to stand until it settles, then filter and wash once 
on the filter with cold water. 
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Remove the precipitate to a porcelain dish, cover it with a 
concentrated solution of ammonium sulphate, and heat gently 
for about 10 minutes, with frequent stirring. This will dis- 
solve the calcium sulphate, while the strontium sulphate is not 
acted upon. Filter, and wash two or three times, preferably 
with warm water. Transfer the precipitate of strontium sul- 
phate to a small porcelain evaporating dish, add 5 cubic centi- 
meters of concentrated nitric acid, and evaporate to dryness. 
Then dissolve the residue with a little concentrated nitric acid, 
dilute the solution with 5 cubic centimeters of water and test 
for strontium by means of the flame test. 

The filtrate which contains the calcium is now made 
ammoniacal and the calcium precipitated as oxalate. 


42. Strontium and calcium may also be separated and 
identified by the following method: To the filtrate from the 
barium chromate add ammonium hydroxide and ammonium 
carbonate solution, heat to boiling and allow the precipitate 
of strontium and calcium carbonates to settle. Filter and wash 
the precipitate on the filter three times with hot water. Then 
dissolve it in a little dilute hydrochloric acid, render the solu- 
tion ammoniacal, heat it to the boiling point, add from 3 to 
5 cubic centimeters of a strong solution of potassium ferro- 
cyanide and continue the heating for several minutes. A white 
crystalline precipitate of calcium potassium ferrocyanide, 
Cak,Fe(CN),, will be formed. Filter it off and test the 
filtrate for strontium by heating it to the boiling point and 
then adding ammonium carbonate solution. A white precipi- 
tate is strontium carbonate. The result may be confirmed by 
the flame test. 


SEPARATION AND IDENTIFICATION OF THE METAL OF GROUP V 


43. According to the scheme of analysis that has been 
adopted magnesium is the only metal in Group V. 

It may be precipitated as crystalline magnesium ammonium 
phosphate, MgNH,PO,, by adding to its solution, with constant 
stirring, about 5 cubic centimeters of ammonium chloride 
solution (10 per cent.), then ammonium hydroxide until strongly 
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ammoniacal, and finally about 5 cubic centimeters of disodium 
phosphate solution (10 per cent.), the agitation being continued 
for several minutes after the addition of the phosphate solu- 
tion. If the magnesium solution is very dilute a precipitate 
may not form for several hours. In this case allow the solu- 
tion to stand undisturbed overnight. 


SEPARATION AND IDENTIFICATION OF THE METALS OF GROUP VI 


44, Ammonium.—To a small portion of the solution in a 
test tube, add an equal volume of sodium hydroxide solution 
(10 per cent.) and heat. By this treatment ammonium com- 
pounds are decomposed and ammonia is liberated, which may 
be recognized by its odor or by the formation of dense white 
fumes of ammonium chloride when a glass rod, wet with hydro- 
chloric acid, is held over the mouth of the test tube. Ammonia 
may also be tested for by means of Nessler’s reagent. 


45. Sodium and Potassium.—A small quantity of the 
solution is taken, a clean, looped platinum wire dipped into it, 
and a drop of the solution brought into the non-luminous 
burner flame. 

Sodium is recognized by the intense yellow color that it 
imparts to the flame, while potassium is recognized by the 
violet color that is given to the flame by its compounds. 

If both sodium and potassium are present in a solution, the 
violet potassium flame is entirely obscured by the intense yellow 
flame produced by the sodium. But if the flame is viewed 
through a thick, blue (cobalt) glass, the yellow rays of the 
sodium are entirely absorbed and the potassium flame is dis- 
tinctly seen. 

When making the flame test, always make certain that the 
platinum wire used is clean; that is, it should impart no color 
to the colorless flame of the burner. If the wire does impart 
a color to the flame, immerse it in concentrated hydrochloric 
acid and ignite repeatedly until clean. 
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DETAILS OF GROUP SEPARATIONS 


46. Introduction—When the methods used for the sepa- 
ration and identification of the metals of the different groups 
were outlined, it was assumed that all of the metals of any 
particular group were present in the solution to be tested. 
In practice, conditions of this sort are seldom met with. How- 
ever, the methods are to be used exactly as given, since it 
is only by employing the tests for all of the different metals 
that may be present, that it can be definitely ascertained 
whether or not they actually are present. 

For the experienced chemist, numerous short cuts in an 
analytical scheme will frequently present themselves. First of 
all, the appearance and the character of the material to be 
tested will often give a clue as to some of its constituents. 
Again, after the material has been brought into solution, a side 
test on a small portion of the solution will often indicate how 
the major portion of the solution should be treated. Any 
modification of a method which tends to save the operator’s 
time is of value. It is important, however, that he understand 
the significance of each modification. The beginner in analyti- 
cal work cannot afford to sacrifice a knowledge of methods 
and reactions for time saved. It is important at every point 
in his work that he understand just what he is doing and why 
he does it. When he has made progress in his studies to this 
extent and is able to use, without reference to his texts, the 
methods outlined, then it is safe to proceed with the study of 
the more difficult and advanced methods of analysis. 


4%. Group Separations.—In making a qualitative analysis — 
of a solution that contains one or more metals, the identities 
of which are unknown, it is first necessary to separate the 
metals into their respective groups before any attempt is made 
to identify them by the methods already given. 

The group separations are made as follows: 

Group I: About 15 cubic centimeters of the solution to be 
tested is placed in a small beaker and dilute hydrochloric acid 
is added, drop by drop, with constant stirring, until precipita- 
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tion if it occurs is complete. If a precipitate is not formed, 
the solution is ready to be analyzed for the metals of Group II. 
The precipitate, if one is obtained, is filtered off, washed until 
free from hydrochloric acid and is then examined for the 
metals of Group I. The filtrate is tested to determine whether 
or not it contains any of the metals of Group II. 

Group II: Before treating the entire acid filtrate from 
Group I, or any other solution that has been shown to be free 
from Group I metals, for the metals of Group II, make the 
test on a small portion of the solution. If a precipitate is 
obtained, treat the remainder of the solution with hydrogen 
sulphide as already directed. Then filter off the precipitate, 
examine it for the metals of Group II and examine the filtrate 
for the metals of Group IIJ. If the test with the small por- 
tion of the solution shows that Group II metals are absent, 
the solution may be treated at once for the metals of Group ITI. 

Group III: The filtrate from Group 11 or any solution to 
be tested for the metals of Group III, is first tested for phos- 
phoric acid or phosphates, by placing a small portion of it in 
a test tube, boiling off the hydrogen sulphide, if present, adding 
a little bromine water to oxidize any iron that may be present, 
and then making alkaline with ammonia. If a precipitate forms 
it is dissolved in a slight excess of nitric acid, the solution is 
heated to about 80° C., and an equal volume of ammonium 
molybdate solution is added. The formation of a yellow pre- 
cipitate after a short time, is evidence of the presence of phos- 
phoric acid which is then removed as previously directed. The 
solution is then heated to boiling and ammonium chloride solu- 
tion added. A small portion of the solution is then made 
ammoniacal and hydrogen sulphide introduced. If no precipi- 
tate is formed the solution may be tested for the metals of 
Group IV. If a precipitate is formed, the remainder of the 
solution is made ammoniacal and treated with hydrogen sul- 
phide until precipitation is complete. The precipitate is 
then filtered off, washed, and examined for the metals of 
Group III. 

Group IV: Evaporate the filtrate from Group III or any 
other solution that does not contain Group III metals, to a 
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small volume, add hydrochloric acid until the solution is acid 
in reaction. Free sulphur may be thrown out of the solution 
at this point as a white or yellowish-white precipitate. If so, 
filter it off, wash it on the filter several times with hot water, 
and then discard it. Heat the filtrate to boiling, render it 
ammoniacal and add ammonium carbonate solution. The metals 
of Group IV, if present, will be precipitated as carbonates. 
Filter, wash the precipitate, and examine it for the metals of 
Group IV. 

Group V: Evaporate the filtrate from Group IV to a small 
volume and add ammonium chloride solution, ammonium 
hydroxide, and sodium phosphate solution. A white, crystalline 
precipitate of magnesium ammonium phosphate may be formed 
at once or only after several hours, according to whether the 
magnesium is present in large or small quantity. 

Group VI: Test for the metals of Group VI and the 
ammonium radical are made on separate portions of the original 
solution, to which, of course, none of the group reagents have 
been added. 


PRACTICE SOLUTIONS 


48. The methods of analysis that have been given will 
enable the beginner, with sufficient practice, to separate and 
identify any number of the common metals after they have 
once been brought into solution. It should not be expected, 
however, that one can become an expert analyst by merely 
reading directions. Solutions that contain several of the metals 
of different groups should be made up and an effort made to 
analyze them. It is only in this way, by carefully observing 
the behavior of each metal or group of metals, that the beginner 
can be absolutely certain that his results are correct when he 
works on a solution that contains metals the identities of which 
are unknown to him. 

Mixed solutions for practice can easily be prepared by mixing 
some of the solutions made as described for the reactions of 
the separate metals. In doing this, certain simple precautions 
must be taken; as, for example, chlorides must not be intro- 
duced into solutions containing first-group metals, or these 
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metals will at once be precipitated as chlorides. Sulphates 
must not be added to solutions containing lead, mercurous, 
barium, strontium, or calcium compounds, or these metals will 
be precipitated as sulphates. 

At first, solutions that are too complicated, should not be 
made up. It is best to begin with solutions of metals that 
are easily separated and identified, and then, by easy stages, 
take up the more difficult work. As a guide to the beginner 
the following solutions are suggested: 

1. Lead, silver, and mercury (ous). 

The solution consists of the metals of Group I and may 
be made up by mixing equal parts of the lead nitrate, silver 
nitrate, and mercurous nitrate solutions that have already been 
prepared. 

2. Lead, bismuth, and cadmium. 

Dissolve equal parts of the nitrates of the metals. 

3. Copper and arsenic. 

Dissolve equal parts of copper sulphate and sodium arsenite. 
Mix and add 1 cc. HCl. 

4. Bismuth, antimony, and tin. 

Dissolve equal parts of bismuth nitrate, antimony chloride, 
and stannous chloride. 

5. Silver, copper, and iron. 

Dissolve equal parts of silver nitrate, copper sulphate, and 
ferrous sulphate. To the latter, add 1 cc. HNO). 

6. Aluminum, chromium, and zinc. 

Dissolve equal parts of alum, chrome alum, and zinc sul- 
phate. 

7. Cobalt, nickel, and manganese. 

Dissolve equal parts of cobalt nitrate, nickel nitrate, and 
manganese sulphate. 

8. Mercury, strontium, and magnesium. 

Dissolve equal parts of mercuric nitrate, strontium nitrate, 
and magnesium sulphate. 

9. Sodium, potassium, and ammonium. 

Dissolve equal parts of sodium chloride, potassium chloride, 
and ammonium chloride. 

10. Aluminum, nickel, and calcium. 

ILT 17C—10 
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Dissolve equal parts of alum, nickel nitrate, and calcium 
chloride. To the solution add two cubic centimeters of sodium 
phosphate solution. 


REPORTS OF ANALYSES 


49. When reporting analysis, a neat and uniform system 
that is readily understandable, should be adopted. The follow- 
ing forms will serve as illustrations and may be followed in 
reporting the results obtained in the qualitative analysis of all 
samples. 


1. When one metal is present in solution. 


Question No. — 


oe Precipitate Conclusion 
FCI None Ag, Pb, Hg (ous) not present. 
in isy Black Possible metals, Bi, Cu, Hg (ic) 


REMARKS.—Precipitate was dissolved and the solution tested for 
Bi, Cu, and Hg (ic), with potassium iodide solution and a red precipitate 
was obtained. Therefore the metal present is divalent mercury. 

In the foregoing plan, the question may arise concerning 
what reagent or reagents to use to distinguish between the 
metals that possibly may be present in solution. The reagent 
to be used can only be decided on by referring to the wet 
reactions for the metals, already given on preceding pages. 
Thus, in the illustrations given, the possible metals are bis- 
muth, copper, and divalent mercury. On referring to the wet 
reactions given for bismuth, it will be found that potassium 
iodide gives a black precipitate that is soluble in an excess of 
the reagent. Under copper it will be found that the precipi- 
tate due to potassium iodide, is white in color, and in the case 
of divalent mercury, it is red. Therefore a red precipitate 
obtained in the foregoing analysis can only indicate divalent 
mercury. In most cases, many other tests will be found that 
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can be used in a similar manner to distinguish between the 


metals. 


2. Determination of one or more metals in solution. 


Question No. — 


Group Precipitate Conclusion 


Possible metals—Ag, Pb, Hg (ous) 
Metals found—Ag. 

Possible metals—All of the group. 
Metals found—Bi, Cu. 

Possible metals—Mn, Zn. 

Metals found—Zn, 

Possible metals—None. 

Metals found—None. 

Possible metals—None. 

Metals found—None. 

Ammonium is present, but sodium 
and potassium are not. 


if White. 


II. Black. 


LV. None. 


We None. 


Odor or NAS 


via No flame test. 


| 
IIl. Light-colored. { 
| 


Remarks.—In the foregoing analysis it should be noted that the 
group reagents have been used in their regular order. 


The solution contains silver, bismuth, copper, zinc, and 
ammonium, the presence of which has been confirmed by means 
of the reactions for each metal, already given. 
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SPECIAL METHODS OF ANALYSIS 


SPECTRUM ANALYSIS 


50. Spectroscope-——In studying the reactions of the 
metals, the colors that are imparted to a flame by their vapors, 
are made use of in identifying them. In every case where 
a color is imparted to the flame, the reaction becomes much 
more distinctive if the spectroscope is used. 

A common form of spectroscope is shown in Fig. 1. It 
consists of a tube a, at the end of which there is a narrow 
slit through which the light passes to a lens in the tube, which 
throws it on the prism D in the form of a narrow band, owing 
to the narrow slit through which it has passed. This prism 
refracts the light at a certain angle, depending on its color, 
and the ray of refracted light is viewed through the tube c, 
which contains a lens and acts as a telescope. The spectro- 
scope is usually supplied with a tube d, containing a scale that 
may be thrown into the spectrum by the light e at the end of 
the tube. By this means, the spectrum, when viewed through 
the tube c, appears in connection with the scale, so that the 
exact position of the lines may be noted. The lines produced 
by any metal always appear in exactly the same place when 
the same instrument is used. The whole of the spectrum 
cannot be seen at once; hence, the tube c is made so that it 
may be turned, bringing the different parts of the spectrum 
successively into view. In some instruments the tube c is 
made stationary, and the prism is so arranged that it may be 
rotated, thus accomplishing the same object. The prism 6 is 
usually enclosed in a metal covering, through which the ends 
of the tube a, c, and d «pass. 


51. Method of Using Spectroscope.—If the Bunsen 
burner f, Fig. 1, is burning with a non-luminous flame, the 
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spectrum appears blank and is devoid of lines, but if a little 
sodium compound is brought into the flame it at once assumes a 
yellow color, and a bright-yellow line is seen in the spectrum. 
In this way as little as zgg4gqp part of a milligram of sodium 
can be detected. In fact, the reaction is so delicate that it is 
difficult to obtain a flame that will not give the yellow line,’ 
because of the sodium compounds floating in the air in the 
form of dust. 

The colors imparted to the flame by most of the metals are 
not single colors, but combinations of different colors. Thus, 


= fil 


= 


Fic. 1 


the violet flame of potassium contains red and violet rays, and 
produces a dark-red line near one end of the spectrum and a 
violet line near the other. The red line is much the stronger 
of the two, and if only a very little potassium is present, the 
violet line is very faint or may not be seen at all. In the same 
way the lithium flame, which appears bright red, contains some 
yellow rays, and its spectrum consists of a bright-red line and 
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a faint-yellow line. As the tube c contains a lens and acts as 
a telescope, it should always be focused before using, so that 
the lines of the spectrum appear perfectly clear and distinct. 
No two metals impart exactly the same color to the flame; 
hence, the spectrum of each is absolutely distinct, as regards 
the position of its line. For this reason, when several metals 
are brought into the flame at once, either in the solid form or 
in solution, the spectra in no wise interfere with one another, 
provided the slit in the tube a is made narrow enough for the 
colors to appear as mere lines rather than as bands; in this 
way, several metals may be detected at once with absolute 
certainty. 


52. Detection of Sodium, Potassium and Lithium. 
Sodium, potassium, and lithium often occur in very small quan- 
tities in mineral waters and the spectroscope is used in detect- 
ing them. For this purpose a little pure hydrochloric acid is 
added to a small quantity of the water and the latter evaporated 
nearly to dryness. A drop of the concentrated solution is then 
held in the flame on the loop of a clean platinum wire and 
the flame examined by the spectroscope. If the water contains 
these three metals alone, the spectra will appear as shown in 
Plate I, and no other lines will be seen; but usually the water 
contains other metals, and the identities of these may be deter- 
mined at the same time, by comparing the lines observed with 
those produced by metals, the spectra of which are shown in 
Piatea i; 

It will be noted that in each Plate, the differently colored 
lines due to any one element, are distinguished by Greek letters. 
Thus, in the case of barium, Plate II shows that its spectra 
consists of five important lines designated as « (alpha), 
8 (beta), 7 (gamma), @ (delta), and ¢ (epsilon). 

It has been stated that the colors imparted to the flame are 
due to highly heated vapors; hence, volatile compounds must 
be used in working with the spectroscope. The chlorides of 
the metals are generally the most volatile, and nitrates rank next. 
Carbonates are usually difficult to volatilize, butare easily changed 
to chlorides by means of hydrochloric acid. Silicates must be 
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decomposed by means of a flux, usually sodium carbonate, 
and some substances should be held in the reducing flame and 
then dipped in hydrochloric acid, thus forming chlorides. In 
the case of very volatile compounds, such as lithium and thallium 
chlorides, the spectrum, although lasting only a short time, is 
very brilliant. 


53. In Plate II the spectra of the metals that are often 
determined by means of the spectroscope are given. As the 
flame is colored by highly heated luminous vapors, metals that 
do not ordinarily color the flame, if heated to a temperature 
high enough to volatilize them, impart colors to the flame and 
consequently produce spectra by which they may be recognized. 
But in all such cases the wet reactions suffice for the deter- 
mination of these metals, and it is much easier and simpler to 
determine them in this way than it is to attain the temperatures 
necessary to volatilize them. Hence, the use of the spectroscope 
in analysis is usually restricted to the determination of the 
alkalies, a few of the rare elements that are easily volatilized, 
and, in some cases, barium, strontium, and calcium. 


ANALYSIS OF WATER 


54. Introduction—As water is never pure, unless spe- 
cially prepared, but always contains some substances in solu- 
tion, the quality of the water depends upon the quantity of 
these substances contained in it; hence, a quantitative analysis 
is usually required to determine the fitness of a water for drink- 
ing and cooking purposes. But for many purposes all that is 
required is a qualitative examination, and by this means much 
can be learned of the fitness of a water for drinking purposes 
by noting whether much or little of the various constituents 
are present, as indicated by the production of a mere colora- 
tion, a slight, or a copious, precipitate, when the reagents are 
added. In this way, after some practice, quite an accurate 
opinion can be formed in regard to the amount of substances 
present, and the consequent character of the water. In the 
case of poisonous substances, whose mere presence is sufficient 
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to condemn the water, their qualitative determination alone 
is required. 


55. Treatment of the Sample.—There are several methods 
of proceeding with the analysis of water, and all methods are 
modified to suit the particular case. In choosing his mode of 
procedure, the chemist should be governed largely by circum- 
stances. If something is known of the source and character 
of the water, the method of analysis should be made to suit 
the particular case. A method that is very commonly employed 
is as follows: If the water is clear, about 1 liter is taken for 
the analysis, and is evaporated in a large, perfectly clean 
porcelain dish, adding in successive portions, if necessary, until 
all is in the dish, and then evaporating until the bulk is reduced 
to about 250 cubic centimeters. During this evaporation, as a 
rule, a precipitate will be formed, consisting of the metals that 
were held in solution by free carbonic acid, or in the form 
of bicarbonates. Allow the dish and contents to cool, and filter 
through a perfectly pure filter, bringing as much of the pre- 
cipitate as possible onto the paper. Add a small amount of 
pure, recently distilled water to the dish, and, after washing 
out the dish with it, pour it onto the filter, thus washing the 
part of the precipitate that has been brought onto the paper. 
Repeat this two or three times, and then proceed to examine 
the precipitate and the filtrate. 


56. Examination of the Precipitate—The precipitate 
usually contains some of the following constituents: calcium 
carbonate, magnesium carbonate, ferric hydroxide which is 
precipitated by boiling, silica, calcium phosphate, ferric phos- 
phate, ferric silicate, and sometimes, calcium sulphate. 

Place the porcelain dish, which may still contain much of 
the precipitate, under the funnel, break the point of the filter 
with a clean glass rod or platinum wire, and wash the precipi- 
tate into the dish with a small quantity of hot, dilute hydro- 
chloric acid. At this point, effervescence is usually observed, 
owing to the evolution of carbon dioxide, when the carbonates 
are decomposed by the acid. Heat the dish and contents to 
complete’ the solution as far as possible, and proceed as follows: 
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1. Take a small portion of the solution, which often is 
not quite clear, in a test tube or on the lid of a porcelain 
crucible, and add a few drops of potassium thiocyanate. A 
red coloration shows the presence of iron. 

2. Evaporate the rest of the solution to dryness on a 
water bath, in a small porcelain dish. A water bath for this 
purpose may be made by placing the porcelain dish on a beaker, 
or other suitable vessel, containing water, and heating the 
water to boiling. The steam from the boiling water, coming in 
contact with the bottom of the dish, evaporates the solution 
quite rapidly. If the beaker is not lipped, a piece of folded 
paper should be placed over its edge at one point, to make a 
small space between the beaker and the bottom of the dish, for 
the escape of steam. The water in the beaker must be replen- 
ished as it evaporates. When the solution in the dish has 
been evaporated to dryness, moisten the residue with hydro- 
chloric acid, heat it gently, add water, and continue the heat- 
ing until the soluble portion is dissolved. If an insoluble resi- 
due remains, it can only be silica, but may be further tested 
with hydrofluoric acid, if desired. 

3. Evaporate a few cubic centimeters of the filtrate nearly 
to dryness in a test tube, add a few drops of nitric acid, and 
test for phosphoric acid with ammonium molybdate. 

4. To another small portion in a test tube, add a few drops 
of hydrochloric acid, boil, and then add a little barium chloride 
solution. A white insoluble precipitate shows the presence 
of sulphuric acid. 

5. Heat the remainder of the solution to boiling, and add 
ammonium hydroxide in sufficient quantity to render the solu- 
tion alkaline, but avoid a large excess. If a precipitate is 
formed, filter, and examine the precipitate for iron and alumi- 
num by methods previously described. Heat the clear filtrate 
to boiling, add from 3 to 5 cubic centimeters of ammonium 
oxalate, and a like amount of ammonium hydroxide; boil for 
a few seconds, and stand aside for 4 or 6 hours. A white 
precipitate shows the presence of calcium, which was present 
in the water in the form of bicarbonate, or also of sulphate, 
if the portion previously tested contained sulphuric acid. 
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6. Filter off the calcium oxalate, and evaporate the filtrate 
to a small bulk, if necessary, after making sure that all the 
calcium was precipitated. To the concentrated filtrate, add 
about 5 cubic centimeters of a solution of sodium-ammonium 
phosphate (microcosmic salt), and then about half its volume 
of ammonia; stir well, and stand in a cool place for 10 or 
12 hours. A white precipitate shows the presence of mag- 
nesium, which was in the water in ‘the form of carbonate or 
bicarbonate. The precipitate sometimes adheres to the sides 
of the beaker in the form of colorless crystals that cannot be 
seen until the liquid is poured out. 


57. Examination of the Filtrate—1. To about 10 cubic 
centimeters of the filtrate, add 1 or 2 cubic centimeters of nitric 
acid, and, after mixing thoroughly, add silver nitrate solution 
when chlorine, if present, will be precipitated as white silver 
chloride. This is sufficient proof of chlorine, but, if any con- 
siderable precipitate is formed, it may be confirmed by dissolv- 
ing in ammonia, and reprecipitating with nitric acid. 

2. To another portion of about 10 cubic centimeters, add 
1 cubic centimeter of nitric acid, evaporate the whole to about 
one-half cubic centimeter, and test for phosphoric acid with 
ammonium molybdate solution. 

3. Evaporate about 30 cubic centimeters of the filtrate to 
a small bulk, and test its reaction with litmus paper. If the 
reaction is alkaline, and a drop or two of it, placed on a watch 
glass, effervesces when brought in contact with a drop of 
acid, and, if calcium carbonate is precipitated when calcium 
chloride is cautiously added to a portion of the alkaline solu- 
tion, the water contains a carbonate of an alkali metal. 
Evaporate the rest of the solution to dryness on the water bath, 
boil the residue with alcohol, filter, evaporate the filtrate to 
dryness, dissolve the residue in a very little water, and test 
this solution for nitric acid with diphenylamine or aniline sul- 
phate solutions. 

Diphenylanune Solution: A diphenylamine solution is made 
by treating about 2 milligrams of the crystals with 5 cubic 
centimeters of concentrated sulphuric acid, and adding an equal 
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volume of water, and mixing the solution thus formed with 
about 5 cubic centimeters of concentrated sulphuric acid. Te 
test for nitric acid, place about half a cubic centimeter of this 
solution on a watch glass, and add a drop or two of the liquid 
to be tested. If nitric acid is present, a blue line will be formed 
where the liquids meet. 

Aniline Sulphate Solution: An aniline sulphate solution is 
made by adding about half a dozen drops of aniline to 15 cubic 
centimeters of dilute sulphuric acid, and then adding this solu- 
tion drop by drop to about 40 cubic centimeters of concen- 
trated sulphuric acid. If about 1 cubic centimeter of this 
solution is placed on a watch glass, and a drop or two of a 
liquid containing nitric acid is added, a red color is produced. 

Very often a drop or two of the original water, or of a 
somewhat concentrated solution, is added to one of these 
reagents, to test for nitric acid; but the method described, 
although rather long, is usually to be recommended on account 
of its greater accuracy. 

4. To the remainder of the original filtrate, add about 5 cubic 
centimeters of hydrochloric acid, and evaporate at first over 
the Bunsen flame, and finally to dryness on the water bath. 
Moisten the residue with hydrochloric acid, warm gently, add 
water, bring into solution by the aid of heat, and filter off 
the insoluble silica, which is nearly always present. To a little 
of the filtrate in a test tube, add a few drops of hydrochloric 
acid and then barium chloride solution. A white insoluble 
precipitate shows the presence of sulphuric acid. Render the 
rest of the filtrate distinctly alkaline with ammonia, add about 
5 cubic centimeters of ammonium oxalate solution, bring to 
boiling, add 1 or 2 cubic centimeters of ammonia, and stand 
in a warm place for about 5 hours for the precipitate to collect 
and settle. A white precipitate shows the presence of calcium. 
Filter, and test a portion of the filtrate for magnesium, by 
ammonium hydrodxide and sodium-ammonium phosphate solu- 
tion, as previously described. The remainder of the solution 
is tested for the alkalies. This may be done in several ways. 
The shortest, and probably the most satisfactory, method of 
testing is to evaporate the solution nearly to dryness, holding 
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a drop of it in the non-luminous flame, and noting the color 
imparted by the solution, using the blue glass, or, still better, 
examining the flame by means of the spectroscope. In case 
a spectroscope is not available, it may be necessary to adopt 
another method for potassium. Sodium and its compounds 
are always recognized by the yellow color they impart to the 
flame, but, in the presence of large quantities of sodium, a small 
amount of potassium may be overlooked, even when the flame 
is examined through a blue glass; hence, in the presence of 
much sodium, if no potassium is found by the flame reaction, 
the following method, which serves to remove interfering 
metals, should be employed: 

Evaporate the solution to dryness, and heat the residue 
carefully over the flame until all ammonium compounds are 
volatilized. Then dissolve the residue, with the aid of heat 
if necessary, in 10 to 30 cubic centimeters of water, depend- 
ing upon the amount of residue, and to the solution add a few 
drops of barium chloride solution. If a precipitate is formed, 
continue the addition of barium chloride solution drop by drop 
until precipitation is complete. Then bring to boiling, and 
filter off the precipitate. To the filtrate, add a few drops of - 
ammonium hydroxide and then ammonium carbonate solution 
drop by drop, as long as a precipitate forms; heat gently, filter 
off the precipitate, evaporate the filtrate to dryness, and ignite 
gently until all ammonium compounds are expelled. Dissolve 
the residue in a few cubic centimeters of water, add 2 or 3 drops 
of ammonium hydroxide and a few drops of ammonium car- 
bonate solution, and heat gently to precipitate small quantities 
of the alkaline earths that may still be present. Filter off 
any precipitate that may be formed, evaporate the filtrate to 
dryness, and carefully ignite until the last traces of ammonium 
salts are driven off. If the work has been done properly up 
to this point, the residue can contain only soluble salts of 
sodium and potassium, and will completely dissolve in 1 or 
2 cubic centimeters of water to a clear solution. If this fails, 
the alkaline earths have not been completely removed, and the 
treatment with ammonium hydroxide and ammonium carbonate 
must be repeated. 
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If the solution obtained is clear, add to it a few drops of 
platinic chloride solution and heat gently on the water bath 
until the. mixture is almost syrupy; then add about 20 cubic 
centimeters of alcohol, and continue heating over the water 
bath for a minute or two. If a heavy yellow powder remains 
undissolved, it shows the presence of potassium. 

5. If a spectroscope is available, a very good method of 
testing for the alkalies is to evaporate from 200 to 500 cubic 
centimeters of the water, with the addition of a little hydro- 
chloric acid, almost to dryness, and then examine the con- 
centrated solution by means of the spectroscope. In this way 
the chance of introducing alkalies into the water with the 
reagents is avoided. 


58. Examination for Ammonia.—lIn testing for ammonia, 
place a fresh sample, consisting of about 300 cubic centimeters 
of the original water, in a flask or glass cylinder, add 2 cubic 
centimeters of a saturated solution of sodium carbonate, and 
1 cubic centimeter of a solution of sodium hydroxide, made by 
dissolving 1 part of dry sodium hydroxide in 2 parts of water. 
Stopper the flask, shake well, and allow the precipitate to settle. 
Pour from 50 to 100 cubic centimeters of the clear liquid 
through a clean filter into a glass cylinder or large test tube, 
and add 1 cubic centimeter of Nessler’s solution. A yellow 
coloration, or, perhaps, a slight reddish-brown turbidity on 
the addition of another cubic centimeter of the solution, shows 
the presence of ammonia. The operation must be carried out 
in a room free from ammonia vapors, for the reaction is so 
delicate that a small amount of ammonia in the air would be 
sufficient to cause a positive result to be obtained. 


59. Separation of Ammonia in Different Conditions.—In 
many cases the determination of ammonia as just described 
is all that is required, but in a large number of cases it is a 
matter of importance to know in what condition the ammonia 
exists in the water. It occurs in water in two conditions, 
(1) as ammonia that is merely dissolved in the water and is 
known as free ammonia; and (2) ammonia that is formed by 
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the decomposition of nitrogenous organic matter, known as 
albuminoid ammonia. 

To distinguish between them, place 500 cubic centimeters 
of the water to be tested in a perfectly clean retort or flask, 
add about 2 grams of pure sodium carbonate, and connect it 
with a condenser. Heat the water in the retort or flask to 
boiling, and receive the distillate in a glass cylinder. When 
about 50 cubic centimeters have passed over, remove the 
cylinder and add 1 or 2 cubic centimeters of Nessler’s solution. 
A yellow color at this point shows the presence of free ammonia. 
Continue the distillation until about 200 cubic centimeters of 
the water have passed over. Then remove the source of heat 
and add 50 cubic centimeters of a solution of potassium 
hydroxide and potassium permanganate.* Continue the dis- 
tillation and when 50 cubic centimeters of the water have 
passed over, add 2 cubic centimeters of Nessler’s solution. A 
yellow color shows the presence of albuminoid ammonia, but 
the absence of a yellow color does not prove its absence. If 
albuminoid ammonia is present, some of it nearly always comes 
over with the first 50 cubic centimeters of the distillate, but 
it cannot be stated positively that the water contains no albu- 
minoid ammonia until three portions of the distillate, of 50 
cubic centimeters each, have been tested in this manner. 


60. Nitrous Acid.—To test for nitrous acid, it is usually 
sufficient to measure 50 cubic centimeters of the water into a 
suitable vessel, add 1 cubic centimeter of dilute sulphuric acid, 
1 cubic centimeter of potassium iodide solution, and a little 
starch solution. The formation of a blue color, either at 
once or after a few moments, indicates a relatively large amount 
of nitrous acid, but, if the color does not appear for some 
time, it indicates that only a small quantity is present, while 


* To make this solution, dissolve 50 grams of potassium hydroxide 
and 2 grams of potassium permanganate in 250 cubic centimeters of 
water. Boil until about one-fourth of the liquid is evaporated, in order 
to drive off any ammonia that may be present, and then add enough 
water, which is free from ammonia, to make 250 cubic centimeters 
of solution, 


QUALITATIVEVFANALYSIS, PART 3 45 


a failure to obtain a blue color, even after several hours, indi- 
cates that the water is free from nitrous acid. 

Again it is best to treat 50 cubic centimeters of a water, 
known to be free from nitrous acid, in the same manner and 
at the same time that the sample to be tested is treated. This 
method is very simple, and its results are quite reliable, but 
not absolutely certain, as the water may contain substances 
that interfere with the reaction. To avoid this source of error, 
about 300 cubic centimeters of the water to be examined is 
placed in a retort or flask, a little acetic acid added and the 
sample distilled, as when testing for ammonia. Nitrous acid, 
if present, will come over in the first 50 cubic centimeters of 
the distillate, and this may be tested with potassium iodide 
and starch solution as just described, or still better with a 
solution of sulphanilic acid and naphthylamine in acetic acid. 

Sulphanilic Acid-Naphthylamine Solution: Dissolve one-half 
a gram of sulphanilic acid in 150 cubic centimeters of acetic 
acid. Then boil one-tenth of a gram of naphthylamine with 
20 cubic centimeters of water, and decant the colorless liquid, 
from the violet-colored residue, into 150 cubic centimeters of 
acetic acid. Mix the two solutions, and if the resulting mixture 
is colored, add a little zinc dust, and shake till the color is 
destroyed. Allow the solution to settle, decant the clear liquid, 
and keep it in a well-stoppered bottle. 

If a little of this solution is added to the distillate, and 
the mixture heated to 70° or 80° C., it will assume a rose 
color if nitrous acid is present. 


61. Organic Matter.—To test for organic matter it is 
usually sufficient to evaporate about 200 centimeters of the origi- 
nal sample to dryness on the water bath, and heat the residue 
over a burner, gently at first, and gradually increasing the 
temperature. If there is any considerable amount of organic 
matter present, the residue will become brown or black, and a 
burnt odor is generally observed. If the water contains car- 
bonates, and the residue has not been heated too strongly, carbon 
dioxide with a burnt odor will generally be given off when 
the residue is treated with dilute hydrochloric acid. 
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62. Decaying Matter and Hydrogen Sulphide—aA simple 
test for decaying organic matter may be made by filling a 
rather large bottle to two-thirds its capacity with the water 
to be tested, covering it with the hand, shaking it well, and 
noting if any odor is evolved. If hydrogen sulphide is present, 
it will probably mask any other odor. In this case place a 
fresh sample of the water in the bottle, add a little copper 
sulphate, cover with the hand, shake well, and note the .odor. 

If hydrogen sulphide is found by applying this test, the 
result should be confirmed by means of reagents, although it 
often happens that the odor evolved is a more delicate test 
than any of the wet reactions. To test water in the wet way 
for hydrogen sulphide, nearly fill a rather large, two-liter 
bottle with the water to be tested, and add a few drops of a 
strong solution of lead acetate in sodium hydroxide. If this 
produces a white precipitate, a few drops of a strong solution 
of copper chloride in water should be substituted. Place the 
bottle on a sheet of white paper, and look down through it 
toward the white surface. If a black precipitate or a brown 
coloration is produced by either of these reagents, it shows 
the presence of hydrogen sulphide in greater or less amount. 

The coloration may be produced either by free hydrogen 
sulphide dissolved in the water or by the sulphide of an alkali; 
hence, if the water is alkaline, indicating the probable presence 
of an alkaline sulphide, the following method of distinguishing 
between the two should be employed: Close a rather large 
bottle, half filled with the water, with a cork, to the bottom 
of which is fastened a piece of filter paper that has been 
saturated with a solution of lead acetate. Allow the bottle thus 
stoppered to stand for several hours, and shake at frequent 
intervals, taking care not to allow any of the water to spatter 
onto the paper. Hydrogen sulphide will give the paper a 
brown color, but the sulphide of an alkali will not affect it 
under the conditions given. 


63. Carbonic Acid and Bicarbonates.—To a rather large 
sample of the freshly drawn water, add a little lime water, a 
drop at a time. If the water contains free carbonic acid, a 


v 


oe 
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: calcium carbonate will be formed at first, 

n& will be dissolved by the free carbonic acid, 
forming Aisa bicarbonate; but, upon the addition of a few 
more drops of the lime water, a permanent precipitate of 
calcium carbonate will be formed. If the water does not con- 
tain free carbonic acid, but does contain bicarbonates, a perma- 
nent precipitate will be formed at once. 


64. Poisonous Metals—The poisonous metals most fre- 
quently found in. water are lead, copper, and zinc. To examine 
the water for these, place about 1 liter of it in a 2-liter Flor- 
ence flask, and add about 10 cubic centimeters of dilute hydro- 
chloric acid; evaporate the water to about 100 cubic centi- 
meters. If a precipitate forms during the evaporation, it is 
filtered off. As it may contain lead, add to it a little tartaric 
acid, then a slight excess of ammonia, boil, filter, and test the 
filtrate for lead with hydrogen sulphide. Lead hydrogen sul- 
phide through the first filtrate, to precipitate copper and lead. 
Filter, and, if any considerable precipitate was formed, treat it 
for the separation of these metals, as described in the separa- 
tion of the metals of Group II. If only a slight precipitate is 
formed, more of the water must be evaporated and treated in 
the same way, in order to get enough of the precipitate, so 
that it can be separated. Boil the filtrate, or the solution if 
no precipitate was formed, to expel all traces of hydrogen 
sulphide, and, if sulphur separates during the boiling, filter it 


off. To the clear liquid, add a few drops of concentrated 


nitric acid and 3 or 4 cubic centimeters of ammonium chloride, 
heat to boiling, and add a slight excess of ammonia and then 
introduce hydrogen sulphide. If a precipitate forms, filter it off, 
and if of any considerable size, examine it for iron, chromium 
and zinc. Iron, if present in any considerable quantity, is 
injurious to the health, and chromium is quite poisonous. 


65. Turbid Water.—In case the water to be examined is 
not clear, part of the tests must be made on the water in its 
original condition and part after it has cleared. Filla large 
bottle with the water, stopper it tightly, and stand it aside 
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in a cool,,dark place until perfectly clear, 
is then decanted and examined by means® 
already given. 
It is often dearapic to know the character of the ane 
matter in water. In order to learn this, filter off the sedi-° 
ment that remained in the bottle in which the water was set 
aside to become clear, treat it with hydrochloric acid, filter 
off the insoluble matter, which nearly always remains, and 
subject the filtrate to treatment for the group separations. br 
Fuse the insoluble residue with sodium carbonate, dissolve 
the fusion mixture in hydrochloric acid, and put the solution 
also through the group separations. 


y sanstrive TEST FOR POTASSIUM 


. Pipett,5cc,qmthe solution for test into 
a 50cc narrow beaker standing on a mirror. 
Pipett 5cc of distilled water into a similar 
beaker alongside. 
Ada to each 6.500 of sodium cobaltic—nitrate 
- solution and 5cc of 95% alcohol. 
_ df potassium is present a faint cloudiness. 
will obscure the clearness of the image 
seen through the solution and the bottom of 
the beaker. 
Compare with the blank. 


; 
: 
§ 
5 THE DETECTION OF HYDROGEN PEROXIDE ~ 
Several delicate tests for the presence of 
Hs0e are given here. 
Method 
1-One part of H20e in the presence of 


by a mixure of,KI and FeS04.Ferrous ammonium 
sulphate may be used in place of Fes04. 
IODINE IS LIBERATED: 3: 


 g=—Chromic acid and ether added to a solutix 


containing H202,and the mixure shaken gives 
* .abiue color. 
: 3-While the reactions of (NH4)2Mm04 with 
; H3P04 and Hz02,respectfully are sensitive 


: 
4 
: 25,000,000.parts of water can be detected 
. 


and characteristic,H203 prevents the precipi- 


solution intense yeliow. 
y 4—{To 2ml.of 5% tartaric acid solution 
® ina test tube,add 2 drops of a %5 Fe S804— 
_  (NH4)2S04 solution and mixfadd acording to 
concentration) 1 to 2 drops of H202 solution 
(with very dilute solutions as much as 3ml 
' may be used)mix and add 5 to 6 drops of NaOH 
- golution and shake.In the presence of H20e 


4 
: 
tation of NH4 phosphomolybdate,coloring the 
: 


a violet coloration developes at once.A soluti 


| 
_ on containing only,00.04 mg.will give an 
appreciable colore 


; ~~ 

-To thé unknown solution add 2 or 3 
ek a ‘34 solution of NaNO2,shake 

or ex and acidify with 5-10 ml 

f J» 4.In the presence of H202 

; f w color is produced. 

» “Bensitive 6213300 ,000 

6 Solutions of gold are reduced to the 

_ metalwwith liberation of,0,at ordinary 

_ temperatures with alkalineH202. 


It some times happens that there is diffi 
culty in distinguishing between Hs02 and 
03, 
Method of distinction. 

Paper soaked in concentrated solutions of 
manganous chloride is turned brown by 
ozone,but is not apparently affected by 
H202.Test paper soaked in an alocholic 
solution of,tetramethyl base,are NOT 
affected hy hydrogen peroxide but turns 
violet with ozone.straw yellow with NOOS 
and blue with bromine and chlorine 


See;Chem analyst Vol 19,No.4. 
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(PART 4) 


DEPORTMENT OF ACIDS AND THEIR ED TGELLS 
WITH REAGENTS 


COMMON INORGANIC ACIDS © 


CARBONIC ACID 

1. General Properties.—Carbonic acid, H,CO,, is a weak 

acid that exists only in aqueous solution. Its anhydride, carbon 

dioxide, and its salts, the carbonates, are commonly met with, 

however. Many of the carbonates are of commercial impor- 

tance. The carbonates of the alkalies are soluble in water, all 
other carbonates are insoluble in water. 


2. Reactions.—A 5 per cent. solution of sodium carbonate 
may be used for the reactions described. 

1. Silver nitrate precipitates white silver carbonate, 4g,CO,, 
which changes to brown silver oxide, Ag,O, on boiling. 

2. Lead acetate precipitates white lead carbonate, PbCO,, 
which is soluble in nitric acid, and in acetic acid. 

3. Barium chloride precipitates white barium carbonate, 
BaCO,, which is easily soluble, with effervescence, in hydro- 
chloric acid. ‘ 

4. All carbonates, either in the solid state or in solutions 
that are not too dilute, are decomposed by dilute hydrochloric 
acid, with effervescence, due to the escaping carbon dioxide. 
A drop of barium hydroxide solution on a glass rod, held at the 
maenuth of the tube where the gas is escaping, will become turbid, 
- owing wo the formation of white barium carbonate. 
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CHROMIC ACID ‘ 


3. General Properties.—Chromic acid, H,CrO,, forms a 
large number of salts, known as chromates. They are all col- 
ored compounds, and are generally either yellow or red. The 
chromates of the alkalies are soluble in water, while most of the 
other chromates are insoluble. 


4. Reactions.——A 5 per cent. solution of potassium chro- 
mate may be used for the reactions described. 

1. Silver nitrate precipitates red silver chromate, 4g.CrO,, 
which is soluble in either nitric acid or ammonium hydroxide. 

2. Lead acetate precipitates yellow lead chromate, PbCrO,, 
which is soluble in sodium hydroxide, and is reprecipitated from 
this solution by nitric acid. 

3. Mercurous nitrate precipitates red basic mercurous 
chromate, which is insoluble in sodium hydroxide, but is dis- 
solved by nitric acid. 

4. Barium chloride precipitates yellow barium chromate, 
BaCrO,, which is soluble in nitric or hydrochloric acid, and 
also in chromic acid. 

5. Many of the dry chromates, when heated with concen- 
trated hydrochloric acid in a test tube, are changed into chlorides 
of chromium and the metal that acted as the base, and free 
chlorine is given off. 

6. A yellow normal chromate solution may be changed to a 
red bichromate by adding an acid, preferably nitric acid. The 
red bichromate thus formed may be changed back to the yellow 
normal chromate by adding an excess of ammonia. 

7. All chromates in solution that contain an excess of hydro- 
chloric acid are reduced to green chromium chloride by heating 
with sulphurous acid or alcohol. Sulphuric acid serves instead 
of hydrochloric acid, and solutions in nitric acid can be reduced, 
though with difficulty. 


HYDROCHLORIC ACID 
5. General Properties—Hydrochloric acid and all chlo- 


rides, with the exception of silver chloride, mercurous chloride, - 


cuprous chloride, aurous chloride, platinous chloride, thallium 
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chloride and Po xychlorides of antimony, bismuth, and mer- 
cury, are soluble in water. With the exception of silver chlo- 
ride, all of them are readily soluble in either concentrated hydro- 
chloric acid or in aqua regia. Silver chloride may be reduced 
to the metallic state by fusion with sodium carbonate. 


6. Reactions.—A 5 per cent. solution of sodium chloride 

may be used for the reactions described. 
i. Silver nitrate precipitates white silver chloride from solu- 
tions of hydrochloric acid or chlorides. The precipitate grad- 
ually turns brown on standing for some time exposed to light, 
but is changed much more rapidly by heating. It is soluble in 
ammonium hydroxide or potassium cyanide, and is reprecipi- 
tated from these solutions by nitric acid. 

2. Lead acetate precipitates white lead chloride, PbCl,, from 
solutions that are not too dilute. Lead chloride is somewhat 
soluble in cold water, so it is not completely precipitated. It is 
soluble in hot water, and, upon cooling, crystallizes from solu- 
tion in the form of white needles. 

3. Mercurous nitrate precipitates white mercurous chloride, 
HgCl, which is not dissolved by dilute acids, but is soluble in 
hot concentrated nitric acid. Ammonium hydroxide turns the 
precipitate black. 

4. Solid chlorides, when heated in a test tube with concen- 
trated sulphuric acid, are decomposed, yielding free hydrochloric 
acid, which may be recognized by its odor. If a glass rod be 
dipped in ammonium hydroxide, and then brought to the mouth 
of the tube, dense white fumes of ammonium chloride are 


formed. 


HYDROBROMIC ACID 


%. General Properties—Hydrobromic acid, HBr, forms 
compounds similar to those of hydrochloric acid, but they are 
not so common. All the common bromides, except those of 
silver, lead, and mercury, are soluble in water. 


8. Reactions——A 5 per cent. solution of potassium bro- 
mide may be used for the reactions described. 
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1. Silver nitrate precipitates yellowish- whiflaor light-yellow 
silver bromide, Aghr, from solutions of bromides or hydro- 
bromic acid. The precipitate is insoluble in dilute acids, dis- 
solves with some difficulty in ammonium hydroxide, but is 
easily soluble in potassium cyanide. 

2. Lead acetate precipitates white lead bromide, PbBr., 
which is less soluble in water than the corresponding Jead 
chloride, but is dissolved by nitric acid. 

3. Mercurous nitrate precipitates yellowish-white mercu- 
rous bromide, Hgbr. 

4. Most bromides in the solid state, or in concentrated solu- 
tions, when heated with concentrated sulphuric acid, are decom- 
posed and give off a brownish-red vapor of free bromine. 

5. All bromides, with the exception of silver bromide, are 
decomposed when heated in a test tube with concentrated 
nitric acid, yielding free bromine. If a solution of a bromide 
is treated, it is colored yellow, yellowish red, or brownish red, 
according to the degree of concentration. Ii a solid bromide, 
or a very concentrated solution is treated with the nitric acid, 
brownish-red vapors are given off, which collect in the upper 
part of the tube in heavy, reddish globules of free bromine. 
This is the most characteristic reaction for hydrobromic acid. 


HYDRIODIC ACID 


9. General Properties.—The iodides correspond in many 
respects with the chlorides and bromides, but many more of 
the iodides of the heavy metals are insoluble in water than is 
the case with the chlorides and bromides. The iodides of silver, 
lead, mercury, bismuth, antimony, tin, and arsenic are either 
insoluble, or soluble with difficulty, in water. The others are 
more or less easily dissolved. 


10. Reactions.—A 5 per cent. solution of potassium iodide 
may be used for the reactions described. 

1. Silver nitrate precipitates yellowish-white silver jodide, 
Agl, which becomes dark in color on exposure to light. It is 
insoluble in dilute nitric acid, and only slightly soluble in 
ammonia, but is dissolved by potassium cyanide. 
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2. Lead acetate precipitates yellow lead iodide, PbI 2, which, 
like lead chloride, is soluble in hot water. 

3. Mercurous nitrate precipitates greenish-yellow mer- 
curous iodide, HgI, which is soluble in excess of potassium 
iodide; hence, no permanent precipitate is formed until an 
excess of mercurous nitrate has been added. 

4. Mercuric chloride, when added in the proper ainount, 
produces a scarlet precipitate of mercuric iodide, HgI,, which 
is soluble in an excess of either the potassium iodide or mer- 
curic chloride, but is insoluble in nitric acid. 

5. Copper sulphate mixed with sulphurous acid gives a 
dirty-white precipitate of cuprous iodide, CuJ. Chlorides and 
bromides are not precipitated by this reagent; hence, it is a 
convenient method of testing for iodides in their presence. 
Instead of copper sulphate and sulphurous acid, a solution, 
made by mixing 1 part of copper sulphate with 24 parts of 
ferrous sulphate, and dissolving them in water may be used. 
This solution produces the same precipitate. 

6. To test for iodine and iodides in a very dilute solution, 
acidify the solution with sulphuric acid, add a few drops of 
starch solution or starch paste, and then a few drops of a strong 
solution of potassium nitrite. If iodine is present, the solution 
will assume a deep-blue color, owing to the formation of blue 
starch iodide. 

7. All iodides in the solid form, when heated with concen- 
trated sulphuric acid in a test tube, are decomposed, yielding 
a characteristic violet vapor of iodine, which collects in a 
solid mass on the sides of the upper part of the tube. Near 
the edges, where the layer. is very thin, this appears violet, but 
where the layer is thicker it appears black. 


HYDROSULPHURIC ACID 
44. General Properties—Hydrogen sulphide, HS, is a 
weak, unstable acid, and is sometimes called hydrosulphuric acid. 
It unites with bases to form sulphides. The sulphides of the 
alkalies and alkaline earths are soluble in water. All the others 
are insoluble. 
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12. Reactions.—A dilute solution of ammonium sulphide 
or a 5 per cent. solution of sodium sulphide may be used for the 
reactions described. : 

1. Silver nitrate precipitates black silver sulphide, 4g.S, 
which is soluble in warm nitric acid. 

2. Lead acetate precipitates black lead sulphide, PbS, 
which is soluble in warm nitric acid. 

3. Mercurous nitrate precipitates black mercuric sulphide, 
HgS, which is not dissolved by any single acid, but is soluble 
in aqua regia. 

4. Nearly all the sulphides are decomposed by heating with 
dilute sulphuric acid, yielding hydrogen sulphide. Sulphides, 
such as pyrite, FeS,, which are not decomposed by sulphuric 
acid alone, may be decomposed with evolution of hydrogen 
sulphide by sulphuric acid and zinc. 


NITRIC ACID 


13. General Properties——Nitric acid, HNO,, is a strong 
stable acid, and forms a large number of salts that are also 
stable. All the nitrates, with the exception of a few basic ones, 
are soluble in water; hence, precipitation cannot be used as a 
means of recognizing nitric acid, and other reactions must be 
resorted to. 


14. Reactions—A 5 per cent. solution of any soluble 
nitrate may be used for the reactions described 

1. One of the best tests for nitric acid and nitrates is 
known as the brown-ring test. It may be carried out by mix- 
ing about 2 cubic centimeters of the solution to be tested with 
about an equal amount of concentrated sulphuric acid in a test 
tube, and cooling by holding the tube in water, or by allowing 
water to run over the outside of it. When the solution has 
reached about the temperature of the room, carefully pour a 
solution of ferrous sulphate down the side of the inclined tube, 
so that the solutions do not mix. The ferrous sulphate solu- 
tion will form a layer on top of the other solution. If the solu- 
tion that is being tested contains a nitrate, a ring will be 
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formed where the two solutions meet, which will be variously 
colored according to the amount of nitric acid present. If but 
a small amount of nitrate is present, the ring will be light red, 
while if the quantity is greater, it will be brown or almost 
black. The color is caused by nitric oxide, NO, which is set 
free by sulphuric acid, uniting with the ferrous sulphate, form- 
ing an unstable compound, having the formula (FeSO,),NO. 
The reacton that takes place may be represented by the equa- 
tion, 


2KNO,+4H,SO,+10FeSO,=K,SO,+3Fe,(SO,),+4H.0 
--2(FeSO,),NO 


By heating, the compound is broken up and the liquid 
becomes clear. At this time, if much nitrate were present, 
brownish vapors of nitrogen peroxide, NO,, may be seen in the 
upper part of the tube. 

2. As nitrites give the above reaction to a certain extent, 
it is necessary to distinguish between nitric and nitrous acids. 
To do this, place a small quantity of the solution in a test tube, 
add about half the volume of dilute sulphuric acid, and small 
amounts of potassium-iodide solution and starch paste. If 
nitric acid or a nitrate alone is present, no reaction takes place. 
Now add a little metallic zinc. The hydrogen generated by 
the action of the sulphuric acid on the zine reduces the nitric 
acid to nitrous acid; this sets free the iodine, which unites with 
the starch, forming blue starch iodide. If nitrous acid is pres- 
ent, the blue color will be produced at once when the reagents 
are added. 

3. All nitrates are decomposed by heat. The nitrates of 
the alkalies give off oxygen and are converted into nitrites at 
first, but are changed to oxides at a higher temperature. The 
nitrates of the heavy metals give off oxygen and nitrogen 
peroxide at once, and are converted into the oxides of these 
metals. If the nitrates are ignited in a mattrass, the oxygen 
given off will ignite a spark held at the mouth of the tube. 
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PHOSPHORIC ACID 


15. General Properties——Phosphoric acid contains three 
replaceable hydrogen atoms. It is, therefore, tribasic and forms 
three classes of salts, which are designated as primary, second- 
ary, and tertiary. All of the phosphates of the alkalies are 
soluble in water, as are also the primary phosphates of the alka- 
line earths. The secondary phosphates of the alkaline earths 
dissolve in water only with difficulty, however. The tertiary 
phosphates of barium and strontium are insoluble in water; cal- 
cium phosphate, Ca,(PO,)., is very slightly soluble in water. 
With the exception of the foregoing, all phosphates are insol- 
uble in water but are soluble in acids. 


16. Reactions.—A 5 per cent. solution of disodium phos- 
phate will be satisfactory for the reactions described. 

1. Silver nitrate precipitates light-yellow silver phosphate, 
Ag,PO,, which is soluble in nitric acid and in ammonium 
hydroxide. 

2. Lead acetate precipitates white lead phosphate, Pb, 
(PO,)2, which is soluble in nitric acid, but insoluble in acetic 
acid. 

3. Barium chloride precipitates white barium phosphate, 
Ba,(PO,)., which is soluble in nitric or hydrochloric acid. 

4. Magnesium sulphate precipitates white magnesium-am- 
monium phosphate, MgNH,PO,, from solutions of phosphates, 
containing ammonium hydroxide and ammonium chloride. In 
order to avoid mistaking magnesium hydroxide for magnesium 
phosphate, it is best to add an excess of ammonium hydroxide 
to the magnesium sulphate, and then just enough ammonium 
chloride to dissolve the precipitate thus formed. To this solution 
add some of the solution to be tested, and shake well. In case 
of dilute solutions, the precipitate is not formed at once, so it 
should be allowed to stand for some time. Agitation aids the 
formation of the precpitate. 

5. Ammonium molybdate in nitric-acid solution, when added 


ral 


in excess to a solution of phosphoric acid or a phosphate, prom g 


duces a yellow precipitate of ammonium phosphomolybdate, 
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which varies in composition according to conditions. It is 
soluble in ammonium hydroxide, and also in phosphoric acid 
or phosphates; hence, no precipitate is formed unless there is 
an excess of ammonium molybdate. The best way to make 
this test is to place about 2 cubic centimeters of the molybdate 
solution in a test tube, heat it to about 75° C., and add 2 or 3 
drops of the solution to be examined. If phosphoric acid is 
present in any considerable amount, the yellow precipitate is 
formed almost at once in this hot solution. Shaking also has- 
tens precipitation. Arsenates also give a yellow precipitate in 
hot solutions, and silicates sometimes give a yellow color to the 
solution. But neither arsenates nor silicates are so readily 
precipitated as are phosphates, and they are easily distinguished 
by other reactions. 


SULPHURIC ACID 


1%. General Properties—Sulphuric acid, H,SO,, is a very 
strong acid. It forms stable compounds with the metals, and 
is not replaced in these compounds by any other acid at ordinary 
temperatures. All the normal sulphates, except lead, mercurous, 
barium, strontium, and calcium sulphates, are readily soluble 
in water. 


18. Reactions.—A 5 per cent. solution of sodium sulphate 
may be used for the reactions described. 

1. Lead acetate precipitates white lead sulphate, PbSO,, 
which is only slightly attacked by water or dilute acids. It may 
be dissolved in boiling concentrated hydrochloric acid. It is, 
however, more easily dissolved in concentrated alkaline solutions 
of ammonium tartrate or ammonium acetate, and from these 
solutions the lead may be precipitated by potassium chromate 
as lead chromate. 

2. Mercurous nitrate precipitates white mercurous sulphate, 
Hg,SO,, from solutions that are not too dilute. This is much 
less soluble in water than calcium sulphate; hence, is precipi- 
tated from more dilute solutions. 

3. Barium chloride precipitates white barium sulphate, 
BaSO,, which is insoluble in all dilute, and but slightly attacked 
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by concentrated acids. The presence of concentrated acids, 
and of some salts, hinders the immediate formation of the 
precipitate in very dilute solutions. , 

4. Some sulphates, when very highly heated in a ‘glass tube, 
give off sulphur dioxide, SO,, which is recognized by its pene- 
trating odor. 

5. All sulphates in the solid form, when mixed with sodium 
carbonate and fused on the charcoal before the blowpipe, are 
reduced to sulphides by the action of the carbon, and the sulphur, 
or part of it, unites with the sodium, forming sodium sulphide. 
If, after cooling, this mass is removed to a silver coin, or other 
piece of silver, broken up, and a drop of water added, the solu- 
tion of sodium sulphide will attack the silver almost imme- 
diately, leaving a dark stain of silver sulphide, Ag,S. 

This is not characteristic of sulphuric acid, but merely shows 
the presence of sulphur. The other acids of sulphur give the 
same reaction. It is very important, however, as it shows that 
the compound is a salt of one of the acids of sulphur. It is 
generally spoken of as the coi test. 


SULPHUROUS ACID 


19. General Properties—Sulphurous acid, H,SO3, is a 
weak, rather unstable acid, and its salts are also rather unstable. 
The sulphites of the alkalies are soluble in water, but the other 
sulphites are only soluble with difficulty, or are insoluble. The 
sulphites, especially in solution, when exposed to the air, are 
oxidized to sulphates; hence, sulphates are generally found 
mixed with sulphites. 


20. Reactions.—A 5 per cent. solution of sodium sulphite 
may be used for the reactions described. 

1. Silver nitrate precipitates white silver sulphite, 4g,SOz, 
which, on standing, is decomposed into sulphuric acid and 
metallic silver. The action is hastened by heating. 

2. Lead acetate precipitates white lead sulphite, PbSO,, 
which is dissolved by nitric acid. 

3. Barium chloride precipitates white barium sulphite, 
BaSO,, from neutral sulphite solutions. This is soluble in 
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hydrochloric acid; but, as sulphates are nearly always present 
in sulphites, an insoluble residue of barium sulphate gener- 
ally remains. By filtering off this residte and adding a few 
drops of concentrated nitric acid or chlorine water to the clear 
filtrate, the sulphite will be oxidized to sulphate, and barium 
sulphate will be precipitated. If this succeeds, it shows that 
the solution contained a sulphite. The oxidation and conse- 
quent preciptation is aided by heating. 

Barium chloride does not precipitate free sulphurous acid. 

4. All sulphites are easily decomposed by strong acids, 
yielding sulphur dioxide. They are oxidized to sulphates by 
chlorine or bromine water, and, like all other sulphur com- 
pounds, give the coin test. 


THIOSULPHURIC ACID 
21. General Properties—Thiosulphuric acid, AH.S,0Os;, 
does not exist in the free state, but its salts, the thiosulphates, 
which are often called-hyposulphites, are stable, and some of 
them are important. Most of them are soluble in water. 


22. Reactions.—A 5 per cent. solution of sodium thiosul- 
phate may be used for the reactions described. 

1. Silver nitrate precipitates white silver thiosulphate, 
Ag,S,O3, which changes rapidly in color to yellow, then brown, 
and finally to black, owing to the formation of silver sulphide, 
Ag,S. The precipitate is easily soluble in excess of the thio- 
sulphate, 

2. Lead acetate precipitates white lead _ thiosulphate, 
PbS,O,, which is soluble in nitric acid. 

3. Barium chloride: precipitates white barium thiosulphate, 
BaS,O,, from rather strong solutions. It is decomposed by 
hydrochloric acid, giving off sulphur dioxide, and throwing out 
free sulphur in the solution, to which it gives a yellowish appear- 
ance. The precipitate is slightly soluble in water, so in very 
dilute solutions no precipitate is formed.. 

4. Ferric chloride imparts a characteristic reddish-violet 
color to solutions of thiosulphates. The color is not perma- 
nent, but, on standing, ferrous chloride is formed and the solu- 
tion becomes colorless. 
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5. All thiosulphates are decomposed by hydrochloric or sul- 
phuric acids, sulphur dioxide and free sulphur being produced. 
The sulphur precipitated from thiosulphates is yellow in color, 
while that from sulphites and sulphides is nearly always white. 

6. Thiosulphates give the coin test. 


~ 


it 


COMMON ORGANIC ACIDS 


ACETIQG ACID 


23. General Properties——Acetic acid, HC,H,O,, has a 
sharp, acid taste, and strong, disagreeable odor, by which it is 
readily recognized even in dilute solutions. Its salts, the ace- 
tates, are nearly all soluble in water. 


24. Reactions.—A 5 per cent. solution of sodium acetate 
may be used for the reactions described. 

1. Silver nitrate precipitates white silver acetate, AgC,H;O,, 
from rather strong solutions of neutral acetates, or from strong 
solutions of the acid. This precipitate is dissolved rather eas- 
ily in water and more readily in ammonium hydroxide. 

2. Mercurous nitrate precipitates white mercurous acetate, 
Hg,(C,H,0O:.)., from neutral solutions of acetates that are not 
too dilute, and from strong solutions of the free acid. ‘The 
precipitate is somewhat soluble in cold water, and is more 
readily dissolved if the water is warm. It is also soluble in 
excess of the reagent. 

3. Ferric chloride colors a neutral acetate solution red, 
owing to the formation of ferric acetate, Fe(C,H,0,),;. On 
boiling, the iron is precipitated as brown basic acetate, Fe(OH), 
(C,H,O,), which settles and leaves the supernatant liquid clear. 

If the ferric chloride is added to an acetic-acid solution a 
faint red color is seen, which becomes deeper upon the addition 
of ammonia. If enough ammonium hydroxide is added to just 
neutralize the solution, and this is heated, the same reaction is 
obtained as with neutral acetates. 

4. Any acetate heated with concentrated sulphuric acid, is 
decomposed, giving off free acetic acid, which is recognized by 
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its odor. If we modify this by adding concentrated sulphuric 
acid and a little alcohol, and heating, acetic ether is formed 
during the decomposition. This is recognized by its pleasant 
odor. In either case, the acetate does not char, as a rule, and 
never to any great extent. 

5. Solid acetates when heated in the closed tube are decom- 
posed, generally blackening, yielding acetone, which may be 
recognized by its odor, and leaving the oxide or carbonate of 
the metal in the tube. In cases where the oxide of the metal 
remains, carbon dioxide also escapes ; and in case of some of the 
weak bases some free acetic acid is driven off. 


HYDROCYANIC ACID 


25. General Properties——Hydrocyanic acid, HCN, is a 
weak acid that scarcely reddens litmus paper, and its soluble 
salts have an alkaline reaction. The cyanides of the alkalies 
and alkaline earths, and mercuric cyanide, are soluble in water. 
All other single cyanides are insoluble. The acid and its salts 
are exceedingly poisonous, and should be handled with great 
care. 


26. Reactions.—A 5 per cent. solution of potassium cyan- 
ide may be used for the reactions described. 

1. Silver nitrate precipitates white silver cyanide, AgCN, 
which is soluble in potassium cyanide; hence, no precipitate is 
formed until silver nitrate is present in excess. The precipitate 
is soluble in ammonia, and is reprecipitated from this solution by 
nitric acid. 

2. Lead acetate precipitates white lead cyanide, Pb(CN),, 
which is soluble in warm nitric acid. 

3. Mix about 2 cubic centimeters of any cyanide solution, 
about 4 cubic centimeter of ferrous sulphate, and 2 or 3 drops 
of ferric chloride, in a test tube; add sodium hydroxide until 
the mixture is alkaline, and heat almost to boiling. Now add 
hydrochloric acid till the solution gives an acid reaction, and a 
deep-blue precipitate will be formed if the solution contains 
much cyanide. If the solution is very dilute, only a blue color- 
ation will be seen. 


"hes 
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OXALIC ACID 


2%. General Properties—Oxalic acid, H,C,O,, in the dry 
state is a white powder. With 2 moleculés of water it forms 
colorless crystals. In either form it dissolves readily in water. 
The oxalates of the alkalies are soluble, while most of the others 
are insoluble in water. 


28. Reactions.—A 5 per cent. solution of ammonium oxa- 
late may be used for the reactions described. 

1. Silver nitrate precipitates white silver oxalate, Ag,C,0Ou,, 
which is readily dissolved by ammonium hydroxide, or hot 
concentrated nitric acid. It is dissolved with some difficulty 
by dilute nitric acid. 

2. Barium chloride precipitates white barium oxalate, 
BaC,O,, from neutral solutions of oxalates. The precipitate 
is easily dissolved by hydrochloric or nitric acid, and less 
easily in acetic or oxalic acid, or ammonium chloride, and is 
slightly soluble in water. Ammonium hydroxide reprecipi- 
tates it from its solutions in nitric or hydrochloric acid. 

3. Calcium chloride, or any other neutral calcium solution, 
precipitates white calcium oxalate, CaC,O,, from even very 
dilute solutions of oxalates or oxalic acid. The precipitate 
is almost insoluble in water, and is only very slightly soluble 
in acetic or oxalic acid, but is easily dissolved by nitric or 
hydrochloric acid. In very dilute solutions, the precipitate is 
formed slowly, but is promoted by heating and by the addition 
of ammonium hydroxide. 

4. Oxalic acid, and all oxalates in the dry state, when 
heated with concentrated sulphuric acid, are decomposed with- 
out charring. The sulphuric acid takes water from them, and 
carbon monoxide and carbon dioxide are given off. The car- 
bon monoxide may be ignited at the mouth of the tube, and 
burns with a blue flame, either at the mouth, or down in the 
tube, depending upon the amount. that is given off. The car- 
bon dioxide precipitates the barium from a drop of barium 
hydroxide held at the mouth of the tube on a glass rod, and 
thus renders it turbid. The beginner should never fail to get 
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the tests for these two gases, as this is the most characteristic 
reaction for oxalic acid. 

5. In the closed tube, oxalates are all decomposed at red 
heat. If heated cafefully, they do not char if pure. Oxalic 
acid is decomposed into carbon monoxide, carbon dioxide, and 
water. The oxalates of the alkalies, and of barium, strontium, 
and calcium, are decomposed into carbon monoxide and car- 
bonates of the metals. The other oxalates give off both carbon 
monoxide and carbon dioxide, and are reduced to the oxides 
or to the metallic state, according to the ease with which they 
are reduced. The carbon monoxide may be ignited, and burns 
with a blue flame. 


TARTARIC ACID 


29. General Properties.—Tartaric acid, H,C,H,0O,, is a 
colorless, crystalline solid, with rather a pleasant acid taste. 
It dissolves quite readily in water. ‘Tartrates of the alkali 
metals, and a few others, are soluble in water. Those that are 
insoluble in water are easily dissolved by nitric or hydrochloric’ 
acid. 


30. Reactions.—A 5 per cent. solution of sodium-potas- 
sium tartrate may be used for the reactions described. 

1. Silver nitrate gives no precipitate with free tartaric acid, 
but in neutral solutions of tartrates it precipitates white silver 
tartrate, Ag,C,H,O,, which is dissolved by either nitric acid 
or ammonium hydroxide. Boiling decomposes the precipitate, 
and deposits black metallic silver. 

2. Lead acetate precipitates white lead tartrate, PbC,H,O., 
from solutions of tartaric acid or tartrates. It dissolves easily 
in nitric acid or ammonium hydroxide. 

3. Barium chloride precipitates white barium tartrate, BaC, 
H,O,, when added in excess. The precipitate is soluble in 
nitric, hydrochloric, or acetic acid. 

4. When tartaric acid or a tartrate in the solid state is 
heated with concentrated sulphuric acid, it chars, owing to the 
separation of carbon, and carbon monoxide is given off. A 
characteriste odor like that of burned sugar may be noted. 
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5. Solid tartaric acid and tartrates, when heated in the 
closed tube, char and give off the characteristic odor resem- 
bling that of burned sugar. A black residue of carbon is left 
in the tube, mixed with the carbonate of the metal, if the sub- 
stance was a tartrate. 


LESS COMMON INORGANIC ACIDS 


BORIC ACID 


31. General Properties——Boric acid, H,BO;, is rather 
weak in all its chemical relations. It is soluble in water, and 
the solution reddens litmus. It forms but a limited number of 
salts, and of these, sodium tetraborate, Na,B,O,, with 10 
molecules of water of crystallization (borax) is the only very 
important one. The salts of the aikalies are the only ones 
that are readily soluble in water. Solutions of all the soluble 
borates in water give an alkaline reaction. 


32. Reactions.—A 5 per cent. solution of borax may be 
used for the reactions described. 

1. Silver nitrate, when added to a concentrated solution of 
a normal borate of an alkali metal, gives a white precipitate of 
2AgBO,°H,0, which has more or less of a yellow tint, owing 
to the formation of a small quantity of silver oxide, Ag,O. 
In concentrated solutions of the acid borates, it gives a white 
precipitate of Ag,B,O,;. From dilute solutions of the borates 
of the alkalies, brown silver oxide, Ag,O, is precipitated. All 
of these precipitates are soluble in nitric acid or ammonium 
hydroxide. 

2. Lead acetate precipitates white lead metaborate, Pb 
(BO,)., from strong solutions. The precipitate is soluble in 
an excess of the reagent. 

3. The best, and, in fact, the only reliable test for boric 
acid or borates is the characteristic green flame. If boric acid 
is mixed with alcohol, and the latter ignited, the boric acid will 
impart a green color to the flame at once; but the borates are 
not volatile, and consequently do not color the flame unless the 
boric acid is set free. To do this, mix, in a porcelain dish, a 
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little of the borate with concentrated sulphuric acid; add some 
alcohol, heat the contents of the dish, and ignite the alcohol. 
The sulphuric acid sets boric acid free, and this colors the flame. 
Boric acid does not usually appear to color the whole flame, but 
gives to the flame a green border. The delicacy of the reaction 
is increased by stirring the contents of the dish. 

The test may also be carried out by bringing into the flame 
of a burner, on the loop of a platinum wire, some of the paste- 
like mixture of the borate and sulphuric acid. 

4. Ifa borate is ground up with a mixture containing about 
twice its bulk of acid potassium sulphate and about half its bulk 
of calcium fluoride, a drop or two of water added to form a 
paste, and this paste held on a platinum wire in the flame of a 
Bunsen burner, it gives the flame a green color for a moment. 


CHLORIC ACID 


33. General Properties——Chloric acid, HCIO;, in very 
concentrated solution, is a slightly yellowish liquid, having an 
odor similar to that of nitric acid. More dilute solutions are 
colorless and odorless. All the chlorates are soluble in water; 
so no precipitates are obtained. 


34. Reactions.—Crystals of potassium chlorate or a 5 per 
cent. solution may be used for the reactions described. 

1. When solutions of chlorates are heated in a test tube 
with concentrated hydrochloric acid, the liquid assumes a green- 
ish-yellow color, and greenish-yellow vapors of chlorine dioxide 
and free chlorine escape. 

2. Ifa solution of a chlorate is colored light blue by a solu- 
tion of indigo in sulphuric acid, and a little dilute sulphuric acid 
is added and then a few drops of a solution of sodium sulphite 
carefully introduced, the solution is decolorized. The sulphur- 
ous acid radical of the sulphite takes oxygen from the chlorate, 
setting free chlorine, or a lower oxide of it, which destroys the 
color of the indigo. 

3. Nearly all chlorates, when heated in the closed tube, 
give off oxygen, and are reduced to chlorides. The oxygen 
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will ignite a spark held at the. mouth of the tube. The 
chlorates of barium, strontium, and calcium give off both oxy- 
gen and chlorine, and are reduced to oxides. 


HYDROFERROCYANIC ACID 


35. General Properties—Hydroferrocyanic acid, H,Fe 
(CN),, is a colorless, crystalline substance that readily dis- 
solves in water, forming a solution that has a strong acid 
reaction. The ferrocyanides of the alkalies and alkaline earths 
are soluble, while most of the others are insoluble in water. 
They are all decomposed by ignition in the closed tube, and if 
they are not quite dry, hydrocyanic acid, carbon dioxide, and 
ammonia are given off. If perfectly dry, nitrogen, and some- 
times cyanogen, escape. 


36. Reactions.—A 5 per cent. solution of potassium ferro- 
cyanide may be used for the reactions described. 

1. Silver nitrate precipitates white silver ferrocyanide, 
Ag,Fe(CN ),, which is insoluble in nitric acid, and in ammo- 
nium hydroxide in the cold, but is dissolved by potassium 
cyanide ; 

2. Lead acetate precipitates white lead ferrocyanide, which 
has the formula Pb,Fe(CN),, and is not dissolved by dilute 
nitric acid. 

3. Copper sulphate precipitates reddish-brown copper fer- 
rocyanide, Cu,Fe(CN),, which is insoluble in dilute acids. 

4. Ferric chloride precipitates dark-blue ferric ferrocyanide, 
Fe,{[Fe(CN),|,, which is insoluble in dilute mineral acids, 
but may be dissolved in a large excess of potassium ferrocy- 
anide, giving a deep-blue solution. The precipitate is known 
as Prussian blue. 

5. Ferrous sulphate precipitates white potassium ferrous 
ferrocyanide, K,Fe[Fe(CN),], or ferrous ferrocyanide, Fe, 
[Fe(CN ),|, from ferrocyanide solutions from which air has 
been excluded ; thus, 


K,Fe(CN),+FeSO,=K,SO,+K,Fe[Fe(CN).] 
K,Fe(CN),+2FeSO,=2K,S0,+Fe,[Fe(CN),] 
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On contact with the air, the precipitate formed becomes 
light-blue in color owing to oxidation and consequent formation 
of traces of Prussian blue. 

6. If Prussian blue is heated with an ammoniacal solution 
of silver, ferric oxide is precipitated, and silver cyanide is 
formed, and remains in solution. If the ferric oxide is sep- 
arated, and the solution acidified with nitric acid, white silver 
cyanide is thrown down. 

7. All solid ferrocyanides, when heated with 1 part of water 
and 3 or 4 parts of concentrated sulphuric acid, are decomposed, 
hydrocyanic acid being formed. 


HYDROFERRICYANIC ACID 


3%. General Properties—Hydroferricyanic acid, H,Fe 
(CN ),, is soluble in water, and many of its salts are also sol- 
uble. The ferricyanides, like the ferrocyanides, are all decom- 
posed on ignition in a closed tube, and in a similar manner. 


38. Reactions.—A 5 per cent. solution of potassium fer- 
ricyanide may be used for the reactions described. 

1. Silver nitrate precipitates orange or reddish-brown silver 
ferricyanide, Ag,Fe(CN),, which is insoluble in nitric acid, 
but is dissolved by ammonium hydroxide or potassium cyanide. 

2. Copper sulphate precipitates yellowish-green copper fer- 
ricyanide, Cu,[Fe(CN),|,, which is insoluble in dilute hydro- 
chloric acid. 

3. Ferric chloride does not produce a precipitate in pure 
ferricyanide solutions, but gives the solution a brown or green 
coloration; but as ferricyanides often contain ferrocyanides, a 
precipitate is frequently obtained that is due to impurities. A 
precipitate will also be formed if the ferric chloride contains 
ferrous compounds. 

4. Ferrous sulphate precipitates blue ferrous ferricyanide, 
Fe,[Fe(CN),|2, which is insoluble in dilute inorganic acids. 
The precipitate is known as Turnbull’s blue. 

5. All ferricyanides are decomposed when heated ‘with 
1 part of water and 3 parts of concentrated sulphuric acid, and 
yield hydrocyanic acid. 
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HYDROFLUORIC ACID 


39. General Properties—Hydrofluoric acid, HF, is a 
colorless, corrosive liquid with a penetrating odor. It fumes 
strongly in the air, and attacks the tissues, causing sores that 
are difficult to heal. It is distinguished from all other acids 
by its power of decomposing silica and silicates that are insolu- 
ble in other acids The fluorides are stable compounds. 
Those of the alkalies are quite readily dissolved by water ; 
those of the alkali-earth metals are insoluble; those of copper, 
lead, and zinc rather sparingly soluble; most of the other fluo- 
rides are soluble. 


40. Reactions.—A 5 per cent. solution of sodium fluoride 
may be used for the reactions described. 

1. Silver nitrate produces no precipitate with solutions of 
hydrofluoric acid or fluorides. This gives a means of dis- 
tinguishing fluorides from chlorides, bromides, and iodides. 

2. Lead acetate precipitates white lead fluoride, PbF,, which 
is almost insoluble in water, but is dissolved by nitric acid. 

3. Barium chloride precipitates white barium fluoride, BaF,, 
from solutions of hydrofluoric acid, but much more readily from 
solutions of fluorides. The precipitate is almost absolutely 
insoluble in water, but is dissolved by hydrochloric or nitric 
acid. 

4. Calcium chloride precipitates white calcium fluoride, CaF,, 
which is so transparent that it is often difficult to see the pre- 
cipitate at first. It is almost absolutely insoluble in water and 
is only slightly attacked by acids in the cold. Hot concen- 
trated hydrochloric acid dissolves it more readily, but only with 
great difficulty. 

5. Nearly all fluorides are decomposed by warm concen- 
trated sulphuric acid, yielding hydrofluoric acid in the gaseous 
state. If a fluoride is heated with concentrated sulphuric acid 
in a platinum crucible, covered with a piece of glass, coated 
with wax through which lines are traced so that the hydro- 
fluoric acid can come in contact with the glass, it attacks the 
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silicon of the glass, forming the volatile fluoride of silicon, 
Sif, and thus etches the glass. After removing the wax, the 
lines may be plainly seen. 


HYPOCHLOROUS ACID 


41. General Properties—Hypochlorous acid and the 
hypochlorites are very unstable. Hypochlorous acid has never 
been obtained except in solution, but its salts are well-known. 
Calcium hypochlorite, also known as chloride of lime, or 
bleaching powder, and sodium hypochlorite, are important. 


42. Reactions——A 5 per cent. solution of sodium hypo- 
chlorite may be used for the reactions described. 

1. Silver nitrate precipitates white silver chloride, AgCl, 
from solutions of hypochlorites, to which enough nitric acid 
has been added so that it does not emit an odor of chlorine. 
Silver hypochlorite is formed at first, but this decomposes into 
silver chloride and silver chlorate almost immediately. 

2. Lead acetate precipitates white lead chloride, PbCl,, 
which soon decomposes, forming oxides of lead, giving the 
precipitate a yellow color that gradually grows darker until it 
becomes brown, owing to the formation of lead dioxide. 

3. When hypochlorites are treated with concentrated sul- 
phuric or hydrochloric acid, they are decomposed, giving off 
free chlorine, which may be recognized by its color and odor. 


NITROUS ACID 


43. General Properties.—Nitrous acid, HNO,, is a blue, 
unstable liquid that decomposes into nitric acid, nitric oxide, 
and water, at ordinary temperatures. It may be preserved at 
very low temperatures. Its salts, the nitrites, are also rather 
unstable. Most of them are soluble in water. 


44. Reactions—A 5 per cent. solution of potassium nitrite 
may be used for the reactions described. 

1. Silver nitrate gives a white precipitate in rather strong 
solutions of the alkali nitrites. The precipitate is slightly solu- 
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ble in cold water, and is much more easily dissolved if the 
water is heated. 

2. Ferrous sulphate produces a slight yellowish or green- 
ish-yellow coloration in neutral nitrite solutions. This is 
changed to a deep-brown color upon the addition of acetic 
acid. If the ferrous sulphate contains free sulphuric acid, 
the brown color is produced at once. 

3. Ifa few drops of a mixture of potassium iodide, starch 
paste, and dilute sulphuric acid, are added to a solution of a 
nitrite, a deep-blue color is immediately produced, owing to the 
formation of blue starch iodide. This is a very delicate reac- 
tion when properly handled, and shows the presence of nitrites 
in even very dilute solutions. The potassium iodide must be 
free from iodate, and the mixture of potassium iodide, starch, 
and sulphuric acid must remain colorless until added to the 
nitrite solution, or the reaction shows nothing. The sulphuric 
acid may be considerably diluted if necessary. 

4. Nitrites, when heated with concentrated sulphuric or 
hydrochloric acid, are decomposed, and brownish-red fumes of 
nitrogen peroxide are given off. 


SILICIC ACID 

45. General Properties—Silicic acid, H,SiO,, is a gela- 
tinous substance that may be obtained in dilute aqueous solu- 
tion, from which it shows a great tendency to separate as a 
gelatinous precipitate. It is a very weak acid in its chemical 
relations, and will scarcely color litmus paper. The silicates 
of the alkalies are soluble, but all other silicates are insoluble in 
water. Some of the silicates are soluble in acids, while others 
are almost entirely insoluble. Silicic acid and the silicates are 
not frequently met with except in mineral analysis. Most of 
the silicates are represented by formulas that express. their 
derivation from metasilicic or polysilicic acids, but the reactions 
are the same for these as for the normal silicic acid. 


46. Reactions.—1. Solutions of the alkali silicates precipi- 
tate solutions of all other metallic salts with formation of insol- 
uble silicates ; they are decomposed by acids with separation of 
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silicic acid, a gelatinous precipitate somewhat soluble in hydro- 
chloric acid. Evaporation decomposes silicic acid, setting free 
silica, SiO,, which is insoluble. Ammonium salts precipitate 
gelatinous silicic acid from solutions of potassium or sodium 
silicate. The precipitation of silicates or silicic acid is never 
complete, so in the course of analysis the silicates must always 
be decomposed and the silica set free. 

2. Ammonium-molybdate solution, when heated with a 
solution of a silicate, gives the solution a yellow color; and, 
if the silicate solution is strong, a slight yellow precipitate may 
be formed. 

3. All silicates, when fused with sodium carbonate, yield 
carbonates of the metal and sodium silicate. The sodium 
silicate may be dissolved in water, while the carbonate of the 
metal remains undissolved, or the metallic carbonates may be 
dissolved in hydrochloric acid, while the silicic acid is partially 
precipitated. The silicic acid is somewhat soluble in water, but 
by removing it, or evaporating to dryness and heating, water is 
driven off, and there is left silicon dioxide, SiO,, which is 
insoluble in water and all acids except hydrofluoric acid. 

If the silicon dioxide is separated from the metals by filtra- 
tion or decantation, and heated in a lead or platinum dish with 
a concentrated solution of hydrofluoric acid, it will be dissolved, 
forming volatile silicon tetrafluoride, which will be driven off 
by the heat, leaving nothing in the dish except traces of metal- 
lic compounds that were not perfectly separated from the sili- 
con dioxide. 

4. A very convenient test for a silicate depends upon the 
formation of what is known as the silica skeleton, in the micro- 
cosmic bead. A bead is made of microcosmic salt (hydrogen- 
sodium-ammonium phosphate) in the same manner that a 
borax bead is made; a little of the silicate is added, and the 
bead is brought into the hottest part of the blowpipe flame. 
The metals form part of the fused portion of the bead, while 
the silicon dioxide (silica) remains undissolved and floats in 
the bead. The bead is sometimes colored with a little copper 
sulphate, to make the skeleton more easily seen. 
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THIOCYANIC. ACID 


4%. General Properties—Thiocyanic acid, HCNS, or 
hydrosulphocyanic acid, as it is also called, is an oily liquid 
with a penetrating odor, somewhat similar to that of acetic 
acid. It dissolves in water, and forms a very poisonous solu- 
tion that has an acid reaction. On standing, it gradually 
decomposes, and hydrocyanic acid is formed. It unites with 
all bases, forming thiocyanates, all of which are soluble in 
water, except those of silver, lead, and mercury. 


48. Reactions.—A 5 per cent. solution of potassium thio- 
cyanate may be used for the reactions described. 

1. Silver nitrate precipitates white, curdy silver thiocyanate, 
AgCNS, which is insoluble in dilute nitric acid, but is soluble in 
ammonium hydroxide. 

2. Lead acetate precipitates yellowish lead thiocyanate, 
Pb(CNS),, which is changed to a white basic compound by 
boiling. 

3. Mercurous nitrate gives a white precipitate of mercurous 
thiocyanate, Hg,(CNS),, or a gray precipitate of mercuric 
thiocyanate, Hg(CNS).,, and free mercury, depending upon the 
degree of concentration and the proportions in which the two 
solutions are mixed. The white mercurous thiocyanate may be 
changed to the gray precipitate of mercuric thiocyanate and 
mercury by boiling. 

4. Copper sulphate precipitates greenish-black copper thio- 
cyanate, Cu(CNS),, from strong solutions of the alkali thio- 
cyanate. In dilute solutions, it produces an emerald-green 
coloration, but no precipitate. 

5. Ferric chloride solution, acidulated with hydrochloric 
acid, imparts a blood-red color to solutions of thiocyanate, but 
does not produce a precipitate. The color is due to the forma- 
tion of red, soluble ferric thiocyanate, Fe(CNS),. The color 
is not affected by hydrochloric acid, but is destroyed by mer- 
curic chloride. 

6. When a thiocyanate is heated with nitric acid, a violent 
reaction takes place, during which nitric oxide and carbon 
dioxide are given off, and sulphuric acid is formed. 
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LESS COMMON ORGANIC ACIDS 


BENZOIC ACID 


49. General Properties——Benzoic acid, e.COOH, isa 
white crystalline substance that, when strictly pure, is odorless, 
but generally has a faint aromatic odor, due to the presence of 
small quantities of impurities. It is very sparingly soluble in 
cold water, more freely in hot water, and dissolves readily in 
alcohol. Most of the benzoates are soluble in water, but a 
few, having weak bases, are insoluble. 


50. Reactions.—A 5 per cent. solution of sodium benzoate 
may be used for the reactions described. 

1. Lead acetate gives no precipitate with free benzoic acid, 
but, from rather strong solutions of the alkali benzoates, it 
precipitates lead benzoate, Pb(C,H,;COO)., which is soluble 
in excess of lead acetate and also in acetic acid. 

2. Ferric-chloride solution, carefully mixed with a little very 
dilute ammonium hydroxide until it takes on a brownish-red 
color, but remains clear, precipitates flesh-colored basic ferric 
benzoate, Fe,(C,H,COO),’Fe,0;,°15H,O, which is decomposed 
by hydrochloric acid, with separation of benzoic acid. This 
reaction serves to distinguish between benzoic and salicylic 
acids. 

3. Benzoic acid dissolves in concentrated sulphuric acid 
without decomposition. It is precipitated unchanged from its 
solution in sulphuric acid by the addition of water. 

4. Strong mineral acids, when added to concentrated solu- 
tions of the soluble benzoates, take the place of the benzoic 
acid which is thrown out as a glistening, white powder. Ben- 
zoic acid may be obtained in the same way from insoluble 
benzoates, by adding an acid that forms a soluble salt with 
the base with which it is united. 

5. Pure benzoic acid, when heated in a closed tube, vola- 
tilizes completely, leaving the tube clean; but there are gen- 
erally organic impurities present, which remain in the tube as 
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a charred residue. The acid vapor given off has an irritating 
effect on the mucous membranes of the throat and lungs, and 
when inhaled causes coughing. 


CITRIC ACID 


51. General Properties——Citric acid, (CH,).COH 
(COOH),:H,O, is a colorless crystalline compound that dis- 
solves in water readily, forming a solution with a pleasant acid 
taste. The citrates of the alkalies, and a number of others, are 
soluble in water. 


52. Reactions—A 5 per cent. solution of ammonium 
citrate may be used for the reactions described. 

1. Silver nitrate precipitates white silver citrate, Ag, 
(COO),COH(CH,),, from solutions of the normal citrates ot 
the alkalies. If rather a large quantity of this precipitate is 
boiled with a small amount of water, it is decomposed with the 
separation of metallic silver, 

2. Lead acetate, when added in excess to a solution of 
citric acid solution, precipitates white barium citrate, Ba, 
[(COO),COH(CH,)|., which is soluble in ammonium 
hydroxide that is free from carbonate. 

3. Barium hydroxide, added in excess to a rather strong 
citric acid solution, precipitates white barium citrate, Ba, 
[(COO),COH(CH,).|,. As this precipitate is somewhat 
soluble in water, it is not obtained in dilute solutions. 

4. Mix about equal parts of citric acid and glycerine, and 
heat gently until the mixture begins to puff up. Dissolve this 
mass in ammonium hydroxide, evaporate off the excess, and 
add 2 or 3 drops of a solution, consisting of 1 part of red, fum- 
ing nitric acid and 4 parts of water. The solution assumes a 
green color, which is changed to blue by gently heating. A 
drop or two of hydrogen peroxide may be used instead of nitric 
acid. This reaction may be used to detect small quantities of 
citric acid in the presence of oxalic, tartaric, and malic acids. 

5. Citric acid, and all citrates in the solid state, when heated 
with concentrated sulphuric acid, are decomposed, yielding, at 
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first, carbon monoxide, then carbon dioxide and acetone also, 
while the solution remains clear ; finally the solution blackens, 
and sulphur dioxide is given off. In order to get these gases 
in the above order, the mixture should be heated slowly. Car- 
bon monoxide may be recognized by its blue flame, carbon 
dioxide by its property of rendering turbid a drop of barium 
hydroxide solution, and acetone and sulphur dioxide by their 
characteristic odors. 

6. Citric acid and citrates, when heated in the closed tube, 
char, and emit pungent acid fumes that are readily distin- 
guished from those given off by tartaric acid when it car- 
bonizes. 

7. Calcium chloride does not produce a precipitate in solu- 
tions of free citric acid, but if enough ammonium or sodium 
hydrate is added to neutralize the solution, white calcium 
citrate, Ca,[(COO),COH(CH,).]., is thrown down, provided 
the solution is not too dilute. 


FORMIC ACID 


53. General Properties.—Formic acid, HCOOH, is a col- 
orless, corrosive liquid that fumes slightly in the air and has a 
very penetrating odor. All formates are soluble in water. 
One of their most characteristic properties is the power of 
reducing compounds of the heavy metals, either to the metallic 
condition or to a lower state of oxidation. 


54. Reactions.—A 5 per cent. solution of sodium formate 
may be used for the reactions described. 

1. Silver nitrate gives no immediate precipitate in solutions 
of free formic acid or dilute solutions of formates. In con- 
centrated solutions of alkali formates, white silver formate, 
HCOOAg, is thrown down. This precipitate rapidly assumes 
a dark color, owing to its reduction to metallic silver. If the 
solution of formic acid or formate that failed to give a precipi- 
tate at first is allowed to stand, or is heated, metallic silver sepa- 
rates as a gray powder, or as a coating on the sides of the test 
tube. This reduction is prevented by an excess of ammonia. 
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2. Mercurous nitrate gives no precipitate in solutions of 
free formic acid, but in strong solutions of alkali formates, 
white glistening mercurous formate, (HCOO),Hg,, separates. 
This precipitate rapidly becomes gray, owing to the reduction 
to metallic mercury. The precipitate is completely reduced 
after standing for some time in the cold, but, by heating, com- 
plete reduction is accomplished almost immediately. 

3. Mercuric chloride, free from hydrochloric acid, when 
heated with a solution of formic acid or a formate, is reduced, 
and mercurous chloride, HgCl, separates as a white precipitate 
before the solution reaches the boiling point. This reaction 
serves to distinguish formic from acetic acid. It is hindered 
or prevented -by the presence of hydrochloric acid or alkali 
chlorides. 

4. Ferric chloride, when added to a neutral formate solu- 
tion imparts a deep-red color to the solution. The same result 
may be obtained by adding ferric chloride to formic acid, and 
then just neutralizing with ammonia. This reaction is similar 
to the reaction of ferric chloride with acetic acid. 

5. Formic acid and all solid formates, when heated with 
concentrated sulphuric acid, are decomposed, the sulphuric 
acid abstracting water, and setting carbon monoxide free. The 
latter escapes with effervescence, and, when ignited, burns with 
a blue flame. The solution does not turn brown, but remains 
clear, unless some organic impurity is present. When for- 
mates or formic acid are heated with concentrated sulphuric 
acid and alcohol, ethyl formate is evolved, which is recognized 
by its peculiar odor. 

6. All formates, when ignited in the closed tube, char, and 
give off carbon monoxide, which, when ignited, burns with a 
blue flame. In many cases carbon dioxide is also given off, 
which renders the ignition of the carbon monoxide difficult. 
Carbonates, oxides, or metals are left in the tube. 
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SALICYLIC ACID 


55. General Properties.—Salicylic acid, C,H,-OH.COOH, 
is a colorless, odorless, crystalline substance that dissolves but 
slightly in cold water, more readily in hot water, and very 
freely in alcohol and other organic solvents. It forms two 
series of salts, known as normal and basic salts. Most of the 
normal salts are readily dissolved by water, while many of the 
basic salts are but slightly soluble in this solvent. 


56. Reactions.—A 5 per cent. solution of sodium salicy- 
late may be used for the reactions described. 

1. Lead acetate precipitates white lead salicylate, (C,H,.- 
OH:COO),Pb, from normal alkali salicylate solutions. The 
precipitate is soluble in an excess of lead acetate or acetic acid, 
but not in ammonium hydroxide. It may be dissolved by heat- 
ing in the solution from which it was precipitated, and, upon 
cooling, will separate in crystals. 

2. Ferric chloride, in very dilute solution, when added in 
small amount to a water solution of salicylic acid or one of its 
salts, imparts a deep-violet color to the solution. This is a 
very characteristic reaction, but it is hindered by the presence 
of some other organic acids, and prevented by hydrochloric 
acid or ammonium hydroxide. 

3. If a solution of salicylic acid in methyl alcohol (wood 
alcohol) is heated with about half its volume of concentrated 
sulphuric acid, methyl salicylate is formed, which is recognized 
by its characteristic odor of wintergreen oil, of which it is the 
chief constituent. A solution of salicylic acid in ethyl alcohol, 
when heated with concentrated sulphuric acid, yields ethyl 
salicylate, which has an odor similar to that of methyl salicylate. 

4. Salicylic acid, when carefully heated in a closed tube, 
is not decomposed, but sublimes, forming needle-shaped crys- 
tals on the cool portion of the tube. If quickly ignited at a 
high temperature, it is decomposed into phenol and carbon 
dioxide. 
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SYSTEMATIC EXAMINATION OF SOLUTIONS FOR ACIDS 


5%. Introduction.—It would be a difficult matter to formu- 
late a scheme for the detection and separation of acids in a 
solution, similar to that used for the metals, which would be so 
complete, exact, and practical; and, fortunately, this is unneces- 
sary, for the frequently occurring acids are few in number, 
and, as a rule, only one, or, at most, but two or three, will be 
found in any one solution. In the majority of cases, after 
determining the metals in a solution—which should always be 
done first—enough will be known of the composition of the 
solution so that special tests for the acids may be applied at 
once. In this part of the work, more than in any of the pre- 
ceding, the beginner must apply all his knowledge of chemistry, 
and consider carefully the full significance of each reaction, 
and of each fact which he discovers as he proceeds, or he will 
make much unnecessary work for himself. For instance, it 
would be a waste of time and chemicals to examine a neutral 
or acid solution, in which silver or mercurous compounds had 
been found, for hydrochloric, hydrobromic, or hydriodic acid, 
for these compounds cannot exist in such a solution in the 
presence of these acids. Yor the same reason, it would be 
useless to look for sulphuric acid in a solution containing 
barium or other metals whose sulphates are insoluble, or to 
examine a neutral solution containing calcium for phosphoric 
or oxalic acid. 

All solutions should be tested with litmus paper before the 
analysis is commenced, or erroneous conclusions may be 
drawn. For instance, silver chloride may exist in ammoniacal 
solution, or phosphates and oxalates of the alkaline earths 
may exist in acid solution. 

It sometimes happens that the separation of the metals from 
a solution gives no clue to the acid or acids, and it becomes 
desirable to pursue a systematic course for their detection. 
This is accomplished by dividing them into three groups, by 
means of reagents. The first group is composed of those 
acids that are precipitated by barium chloride, the second 
contains those that are not precipitated by barium chloride but 
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are precipitated by silver nitrate, and the third group is made 
up of those acids that are not precipitated by cither of these 
reagents. Tables I and II give the color and solubility of the 
precipitates produced by these reagents, and as lead acetate 
helps to classify the acids, T'able III is given showing the color 
and solubility of precipitates produced by this reagent 


TABLE I 
ACIDS PRECIPITATED BY BARIUM CHLORIDE 


Acid Color of Precipitate Solubility 
Sulputicy. 2s 2. ss | White. Insoluble in HCI. 
Soluble in HCl with 
Thiosulphuric ...... White. evolution of SO, and 
free sulphur. 
Sulphurous ee White. Soluble in EKG with 
evolution of SO,. 
Phosphotie- om nds White. Soluble in HCl. 
CATS ies er White. OS Oa Ris 
effervescence. 
Crise micwh okt onc ues Yellow. Soluble in HC. 
Pavaronuoric’.....'.'. White. Soluble in HCl. 
White (from 
ESTOS bs. ec eon concentrate so- |Soluble in HCl. 
lution). , 
IClOae ies es one White. Solubie in ACT. 
(OE 6 | eer White. Soluble in ATCT. 
(ie io (ae White. Soluble in HCl. 


RemMArRKs.—Citric acid belongs in this group, but must be recognized 
by special reactions. 


58. Preparation of the Solution.—In many cases, prepara- 
tion is not required, but if the solution contains metals that 
would interfere with the reactions, they must be removed by 
precipitation. The solution should ,be slightly acid; if it is 
alkaline or neutral, just enough nitric acid is added to give 
an acid reaction with test paper. To remove the metals of the 
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TABLE II 


ACIDS PRECIPITATED BY SILVER NITRATE 


Acid Color of Precipitate Solubility 
Hydochioric, ....... White. Insoluble in HNO,. 
Hydrobromic ....... Yellowish white.|Insoluble in HNO). 
Faydriodic .......+. Yellow. Insoluble in HNO3. 

White, turns 
Thiosulphuric ....-- black on stand-|Soluble in HNO,. 
ing. 
Sulphurous .......-- White, turns Soluble in HNO,. 
gray on boiling. 
, Insoluble in cold dilute 
Hydrosulphuric ..... Black. HNO,. 
Phosphoriciey sis ste% Yellow. sae in a Br at 
: . oluble in 3, wit 
Carboniowen s+. sits White. Sieh bara’ 
Chroviitewe.:...s «ea Red. Soluble in HNO3. 
Sillcic#eeiis''. eerie Yellow. Soluble in HNO. 
White (from 
NGfeaiiere sis 1y «ane concentrate so- |Soluble in HNO3. 
lutions). 
Hypochlorous ...... White. Insoluble in HNO. 
White (from 
ES OUICHIE Ec oss 3 hens concentrate so- |Soluble in HNO. 
lutions ). 
Elydrocyanic ..vsis. White. Soluble in conc. HNO. 
Hydrosulphocyanic .. White. Leo youd cltute 
= 
Hydroferrocyanic ... White. Insoluble in HNO. 
Hydroferricyanic ... Yellow. Insoluble in HNO. 
ORAHe Re... Sekar White. Soluble in HNO. 
\ Soluble in HNO,. Boil- 
eta isn ¢.0.6 sos. White. ing precipitates gray 
metallic silver. 
Precipitates gray met- 
allic silver upon 
POOEURICM aE, - -'s «+ << sei sinding forage 


time in the cold or 
more readily upon 
heating. 


REMARKS.—Benzoic and salicylic acids are classed in the second group, 
but must be recognized by their special reactions. 
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first and second groups, lead hydrogen-sulphide gas through 
the solution until they are all precipitated. Then filter and 
boil the filtrate until all the hydrogen sulphide is expelled. If 


TABLE III 
ACIDS PRECIPITATED BY LEAD ACETATE 


Acid Color of Precipitate Solubility 
Hydrochtioric .....%.. White. Soluble in hot water. 
Pydrobromic:. 28.25% White. Soluble in HNO,. 

Hye r@diIG s0%. 2h. ak Yellow. Soluble in hot water. 
DUI PMUFIC le. 8 White. Insoluble in HNO . 
Thiosulphuric ...... White. Soluble in HNO,. 
Sulphurous’........ White. Soluble in HNO,. 
Hydrosulphuric ..... Black. Soluble in warm HNO). 
PhospRonic s.r... .: White. Soluble in HNO. 
CG ae White. oe ke wide 
CU Yellow. cole Seer e aS 
Og - aie White. Soluble in HNO,. 
Hydrofluoric ....... White. Soluble in HNO3. 
White, turning to| , 
Hypochlorous ...:..|brown on stands : 
ing. 
Silletome le. Whit Soluble in HNO3. 
Fiydrocyatiic .....«. whit _  |Solubil@in HNO,. 
Hydroferrocyanic ... White, Insoluble in HNO3. 
Obie ene White. Soluble in HNO,. 
Tartaric ..........:| White. Soluble in HNO3.§ 
Citiomeee...- eae White. 
Salicvuemeeme...-- e— White. 
‘ White, from al- 
Benzoicermne.: »- - alithone cates: 


REMARKS.—The organic acids given in this table are precipitated as 
indicated if the conditions are right, but other reactions must be depended 
upon to identify them. 
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metals of the third, fourth, and fifth groups are present, add 
to the solution a slight excess of sodium carbonate, boil for a 
moment, and filter. The filtrate will contain the acids, freed 
from such metals as would interfere with their determination. 
Render this slightly acid with nitric acid, and boil till all car- 
bon dioxide is expelled; then add dilute ammonium hydroxide, 
drop by drop, until a point is reached at which the solution 
does not give a reaction with either red or blue litmus paper. 
Then evaporate the solution to about one-third of its original 
volume and after cooling, it is ready to be examined for all of 
the common acids with the exception of nitric acid. To test 
for nitric acid take a portion of the original solution that con- 
tains the metals, and apply the brown-ring test. If chromic 
acid was present, and was reduced by the hydrogen sulphide, 
with the resultant precipitation of chromium hydroxide, this 
fact must be noted. The solution is now divided into three 
equal parts. The first portion is treated with barium chloride, 
the second with silver nitrate, and the third with lead acetate. 


59. Identification of Acids——In many cases, the precipi- 
tates produced by barium chloride, silver nitrate, and lead acetate, 
will give an idea of the identity of the acid in a solution and 
it is merely necessary to confirm the conclusion arrived at, by 
means of one or two special tests for the acid thought to be 
present. An illustration will show how the foregoing works 
out in practice. Assume that on the addition of barium 
chloride solution to one portion of the solution to be tested, a 
white precipitate is formed, and that after filtering the precipi- 
tate from solution and washing it free from barium chloride, 
it is found to be insoluble in hydrochloric acid. According 
to Table I the precipitate is probably barium sulphate and, 
therefore, is probably due to the presence of sulphuric acid in 
the solution. On the addition of silver nitrate to a second 
portion of the solution, no precipitate is formed which, of 
course, removes the possibility that any of the acids listed in 
Table II are present. On the addition of lead acetate solution, 
however, a white precipitate is obtained that is insoluble in 
nitric acid, and according to Table III, it may be due to the 
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presence of sulphuric or hydroferrocyanic acids. But since a 
precipitate was not obtained with silver nitrate, hydroferrocy- 
anic acid cannot be present. A special test for sulphuric acid 
will confirm the foregoing results. 

Thus it is seen that by means of the three reagents used, 
most of the acids listed in the three tables can be eliminated 
from further consideration and it is only necessary to apply a 
few special tests to identify the acid that is present in solution. 

When the substance to be tested is a substance that is insol- 
uble in water, an attempt must be made to dissolve it in an 
acid. The solution thus obtained is treated with ammonium 
hydroxide until most of the acid has been neutralized. It may 
then be used for all acid tests with the exception of that acid 
used as a solvent. To test for the acid used as the solvent in 
the first case, an effort is made to dissolve the sample in a 
different acid and the proper test is then applied to the resulting 
solution. 

To illustrate: Assume that a sample of the solid is soluble 
in either hydrochloric acid or nitric acid. It may then be dis- 
solved in hydrochloric acid and the solution tested for all acids 
with the exception of hydrochloric acid. A second portion is 
then dissolved in nitric acid and the solution tested for hydro- 
chloric acid. If the sample is insoluble in either of the fore- 
going acids or in aqua regia, it should be fused in a nickel 
crucible with sodium carbonate known to be free from impuri- 
ties such as chlorides, sulphates, etc., and the fusion mixture 
dissolved in hot water. The solution thus obtained may be 
tested for all acids excepting carbonic acid, which if present 
in the original sample would be indicated by effervescence 
when brought in contact with hydrochloric or nitric acids. 


60. Special Tests for Acids——One or two of the most 
characteristic tests for each of the common acids will be given. 
Aiter the identity of the acid has been established by means 
of these tests, the result should be confirmed by means of other 
reactions given for the acid. 

1. Hydrochloric acid, when treated with silver nitrate, 
gives a white precipitate of silver chloride, AgCl, which is 
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dissolved by ammonium hydroxide, and is reprecipitated by nitric 
acid. Sodium thiosulphate also dissolves the precipitate. 

2. Hydrobromic acid, treated with silver nitrate, gives yel- 
lowish-white silver bromide, AgBr, which is dissolved with 
some difficulty in ammonium hydroxide, but readily by sodium 
thiosulphate. 

The most characteristic test for hydrobromic acid in the 
case of a solid bromide is made by heating it in a test tube with 
concentrated nitric acid, when reddish-brown vapors of bromine 
are given off, which condense in the upper part of the tube, form- 
ing red globules. This test may be applied to all solid bromides 
except the bromide of silver, and can also be applied to con- 
centrated solutions. 

3. Hydriodic acid gives yellowish silver iodide, AgI, when 
treated with silver nitrate. The precipitate is almost insoluble 
in dilute ammonium hydroxide, but, is dissolved somewhat by 
concentrated ammonium hydroxide, and is readily soluble in 
sodium thiosulphate. 

A chloride may be recognized in the presence of bromides 
and iodides by precipitating all of them with an excess of silver 
nitrate, and dissolving the silver chloride with a mixture of 
equal parts of dilute ammonium hydroxide and water. After 
filtering, the silver chloride may be reprecipitated from the 
alkaline filtrate by nitric acid. To distinguish bromides and 
iodides when all three acids are present, place a small quantity 
of the solution in a test tube, add a few drops of colorless 
carbon bisulphide, which will form a globule; and then add a 
saturated solution of chlorine water, drop by drop, and shake 
the tube frequently. The chlorine water will first set the 
iodine free, and this will give the globule a violet tint; a few 
more drops of chlorine water destroys this color, and sets 
bromine free, imparting a yellow color to the globule, which is 
in turn destroyed by an excess of the chlorine water. 

4. Sulphuric acid, when treated with barium chloride, gives 
white barium sulphate, BaSO,, which is insoluble in all acids. 
Lead acetate precipitates white lead sulphate, PbSO,, which 
may be dissolved by adding tartaric acid, and then rendering 
alkaline with strong ammonia. 
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5. Thiosulphuric acid, when treated with silver nitrate, 
gives, at first, a white precipitate that turns brown, and finally 
becomes black, owing to its reduction to silver sulphide, Ag3S: 
All thiosulphates are decomposed by hydrochloric acid, yield- 
ing sulphur dioxide and free sulphur. 

6. Sulphurous acid, when treated with silver nitrate, pre- 
cipitates white silver sulphite, Ag,SO;, which is decomposed 
into gray metallic silver and sulphuric acid by boiling. All 
sulphites are decomposed by hydrochloric acid, yielding sulphur 
dioxide, which is recognized by its odor. 

7. Hydrosulphuric Acid—Nearly all sulphides are decom- 
posed when heated with sulphuric acid, and yield hydrogen 
sulphide, which is recognized by its odor. All precipitates of 
acids containing sulphur, when fused on the charcoal with 
sodium carbonate, form sodium sulphide. If this fusion is 
ground up, placed on a piece of silver, and a drop or two of 
water added, it leaves a black stain on the silver, due to the 
formation of silver sulphide. 

8. Phosphoric Acid—l{ a drop or two of phosphoric acid, 
or a solution of a phosphate in nitric acid, is added to about 
2 cubic centimeters of hot ammonium-molybdate solution in a 
test tube, a yellow precipitate of ammonium phosphomolybdate 
is formed at once. This precipitate is soluble in ammonia, and 
is reprecipitated by nitric acid. Arsenious and arsenic acids, 
if present, must be removed by hydrogen sulphide before apply- 
ing this test, as they also give yellow precipitates, though not 
so readily as phosphoric acid. 

9. Carbonic Acid—Hydrochloric acid decomposes all car- 
bonates with effervescence, which is due to escaping carbon 
dioxide. Effervescence indicates a carbonate, and this con- 
clusion may be confirmed by testing the escaping gas with a 
drop of barium hydroxide on a glass rod. Carbon dioxide 
renders the barium hydroxide turbid. 

10. Chromic Acid—yYellow normal chromates are changed 
to red bichromates by rendering them acid with nitric or hydro- 
chloric acid. The red bichromates are changed to yellow nor- 
mal chromates by ammonia. All chromates, in solutions con- 
taining free acid, are reduced to green chromium compounds 
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when heated with alcohol or sulphurous acid. The borax-bead 
test is also a good one; but when it is applied, it must be 
remembered that all compounds containing chromium, either 
in the base or in the acid, give the color to the bead. Com- 
pounds containing chromium in the base are green, while the 
chromates are yellow or red. 

11. Nitric Acid—To the solution to be tested for nitric 
acid, add an equal volume of concentrated sulphuric acid, and 
cool by allowing water to run over the outside of the test tube. 
When cool, hold the tube in an inclined position and carefully 
add 1 or 2 cubic centimeters of ferrous sulphate, in such a man- 
ner that the liquids do not mix, but the sulphate forms a 
separate layer above the solution to be tested. If nitric acid is 
present, a dark ring will be formed where the two solutions 
meet. This test is sometimes varied by dropping a crystal of 
ferrous sulphate into the solution instead of adding the ferrous- 
sulphate solution. In this case, the crystal is surrounded by a 
dark color that gradually spreads to the rest of the solution. 

12. Boric Acid—Mix the substance to be tested for boric 
acid with concentrated sulphuric acid, in a porcelain dish; add 
alcohol, stir, and heat the contents of the dish, and then 
ignite the alcohol. The characteristic green flame is conclu- 
sive proof of boric acid. The free acid gives the flame with- 
out being mixed with sulphuric acid, but nearly all the borates 
are non-volatile. 

13. Sulicic Acid.—Solutions to be tested for silicic acid may 
be rendered distinctly acid with hydrochloric acid, and evapo- 
rated to dryness in a porcelain dish. The residue is treated 
with hydrochloric acid to dissolve any metals present, and 
silicon dioxide will remain as an undissolved residue. This 
may be separated from the solution, removed to a platinum 
crucible, and dissolved in hydrofluoric acid. Upon heating, 
the silicon tetrafluoride formed is volatilized, leaving the cru- 
cible empty. 

For solid silicates, the silica skeleton in the microcosmic 
bead, gives an easy means of recognizing the acid. This 
reaction may be performed, using ‘any precipitate obtained from 
silicic acid. 
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14. Arsenious and Arsenic Acids—These acids have been 
treated among the metals where they are always found in the 
course of analysis. Arsenious acid is precipitated at once from 
acid solutions by hydrogen sulphide, as yellow arsenious sul- 
phide. Arsenic acid is first reduced to arsenious by the hydro- 
gen sulphide, and is then precipitated. Heat promotes the 
reduction and precipitation. They may be further identified 
by their reactions with silver nitrate. Neutral solutions of 
arsenites produce a yellow, and arsenates a red, precipitate. 

15. Hydrocyanic Acid—To test a solution of hydrocyanic 
acid, mix about 2 cubic centimeters of it in a test tube with 
from half a dozen to a dozen drops of ferrous sulphate and 
2 or 3 drops of ferric chloride, add sodium hydroxide till the 
mixture is distinctly alkaline, and heat nearly to boiling. Then 
add hydrochloric acid in sufficient quantity to produce a dis- 
tinctly acid reaction. If much hydrocyanic acid is present, a 
deep-blue precipitate will be formed, and if but little of the 
acid is present, it will give a blue coloration. This test may 
be applied to insoluble cyanides by first fusing them with sodium 
carbonate. During the fusing, the hydrocyanic acid unites with 
sodium, forming soluble sodium cyanide. This is dissolved in 
about 2 cubic centimeters of water and the solution treated as 
described above. The reaction with silver nitrate, which is 
similar to that of hydrochloric acid, is quick and simple, ana 
may serve to identify this acid in many cases. 

16. Thiocyanic acid imparts an intense red coloration to a 
dilute solution of ferric chloride. The color is not affected by 
hydrochloric acid, but is destroyed by mercuric chloride. 

17. Hydroferrocyanic Acid —In acid solutions of hydro- 
ferrocyanic acid or ferrocyanides, ferric chloride produces a 
dark-blue precipitate of ferric ferrocyanide, Fe,[Fe(CN)6];, 
known as Prussian blue. 

18. Hydroferricyanic Acid—Hydroferricyanic acid and 
solutions of ferricyanides, when treated with ferrous sulphate, 
yield a blue precipitate of ferrous ferricyanide, Fe, [Fe(CN )e]>, 
which is insoluble in dilute acids. This precipitate is known as 
Turnbull’s blue. 
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‘4 


REPORTS OF ANALYSES 


61. The following form may be used when reporting cn 
metals, acids, or both the metal and the acid: 
1. When the metal and acid are both to be determined. 


QUESTION NO. —— 


METAL 
Group Reagent Precipitate Conclusion 
JEKOU None 
eae: None 
NH ,ClA-NAjZOH None 
CONE yess Flesh-color) Possible metal, Mn 


REeMARKS.—After carrying out the directions given for the sepa- 
ration of the metals of Group IV, the metal present was found to 
be manganese. The result was confirmed by other wet and dry 
reactions for manganese. 


Reagent Precipitate Conclusion 


epaels. White, insoluble in acids. es H, Ss sania 
2 AGN Os, No precipitate. 

White, soluble in tartaric 
3. Pb(C,H;0.)>.| acid and ammonium SO; 


hydroxide. 


REMARKS.—Sulphuric acid was found as above, and confirmed by 
the com test and other reactions. 
ConcLusion.—The compound is manganese sulphate, MnSO,. 


as , PLATE I 


ale 
Pale Yellow. 


De 
Light Yellow. 


3) 
Yellow. 


4, 
Reddish Yellow. 


5: 
Yellowish Red. 


a 
Brownish Red. 


8. 
Reddish Brown. 


9. 
Brownish Black. 


From Nature, by Dr. J. Vogel 


VOGEL’S SCALE OF URINE TINTS 


From Tyson’s Examination of the Urine. Tenth Edition 
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EXAMINATION OF URINE 


METHODS OF PROCEDURE 


62. Importance of Examination—Urine is the most 
important vehicle through which waste matter escapes from the 
body ; hence, it always contains salts and organic matter. The 
constituents of normal urine vary considerably, both in character 
and quantity, so that, to obtain complete information in regard 
to the character of a sample of urine, a quantitative examination 
is required. But certain constituents that are never present in 
health are found in urine in case of disease; hence, we may 
learn much from a qualitative examination. The composition 
of the urine varies at different times in the day ; hence, a sample 
representing the average for twenty-four hours should be taken 
for analysis. The quantity of urine passed in twenty-four hours 
varies considerably, but averages from 1,200 to 1,500 cubic cen- 
timers. 


63. Color.—tThe first step in the examination of urine 
is usually to note its color. In health the color may be light yel- 
low, lemon, or amber. As, in health, the quantity of coloring 
matter passed remains comparatively constant, while the total 
amount of urine passed varies greatly, it necessarily follows that 
the less urine passed, the darker will be its color, owing to the 
strong solution of coloring matter that is thus obtained. Hence, 
normal urine may vary considerably in color, but, if very light 
or very dark colored, disease is indicated. To determine the 
color of a sample of urine, it is merely necessary to place some 
of it in a colorless glass vessel and compare the shade with the 
colors of Vogel’s scale of urine tints given in Plate I. 


64. Reaction.—Usually the second operation in the exam- 
ination of urine is to test its reaction with litmus paper. Nor- 
mal urine should be slightly acid, but shortly after a meal it 
may be neutral or even slightly alkaline. The total urine passed 
in twenty-four hours should surely have an acid reaction ; if 
alkaline, it shows that the urine has decomposed before passing, 


42 QUALITATIVE ANALYSIS, PART 4 


and consequently indicates a deranged condition of the system. 
Urine containing much albumin is often alkaline; hence, if a 
sample of urine is alkaline, this is taken as an indication of 
Bright’s disease. To test the reaction of urine, two pieces of 
litmus paper should be used, one red and the other blue. As the 
reaction is usually only faintly acid or alkaline, the paper should 
not be strongly colored, or the urine may not be sufficiently 
acid or alkaline to change the color. With paper that is only 
faintly colored the reaction is much more delicate. The 
urine should not be allowed to stand longer than necessary 
before taking its reaction, as it is likely to decompose, espe- 
cially if it stands in a warm place, and a urine that is originally 
acid may thus become alkaline. 


65. Specific Gravity.—As urine is a solution of solid sub- 
stances in water, it is always heavier than water. The specific 
gravity depends on the amount and character of the solid mat- 
ter passed, and upon the quantity of urine. The amount of 
solid matter will be the same whether a large or a small amount 
of urine is passed; hence, if the quantity of urine is small, the 
solution will be concentrated, and the specific gravity high, 
while, if the quantity of urine is large, the solution will be 
dilute, and the specific gravity will consequently be low. In 
health the specific gravity of urine may vary from 1.005 to 
1.030; while in case of disease it varies from 1.002 to 1.060. 
Sugar, which is present in the urine in case of diabetes, gives 
it a high specific gravity. Hence, if the specific gravity is 
more than about 1.028, the urine should be tested for sugar. 
The test for specific gravity is usually made with a hydrom- 
eter that is graduated from 1.000 to 1.060, and that is known 
as a urinometer. To make this test, a sample of urine is 
placed in a cylinder, and the urinometer is lowered into it. 
The urinometer will sink into the urine up to some point on 
the graduated stem, and the reading on the stem at the surface 
of the liquid is the specific gravity. The urinometer is just 
like the hydrometers described previously except that it is 
graduated from 1.000 to 1.060, and many urinometers contain 
a thermometer in the stem. All of them are made to take the 
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specific gravity of the urine at a certain temperature, generally 
15° C, and, as the urine is usually warmer than this, it must be 
cooled to this temperature before it is tested. 


DETECTION OF SUGAR 


66. Occurrence of Sugar in Urine——Sugar is found in the 
urine of those who suffer from diabetes, and urine that con- 
tains sugar is frequently spoken of as diabetic urine. Sugar 
occurs in urine in the form of glucose or grape sugar. It 
probably never is found in normal urine, certainly never in any 
considerable amount ; hence if sugar sufficient to give a distinct 
reaction, is found in urine, it is a certain indication of disease. 

There are several methods in use for testing urine for sugar, 
but probably that method which involves the use of an alkaline 
copper-tartrate solution, commonly called Fehling’s solution, is 
most frequently employed for the purpose. 


6%. Preparation of Fehling’s Solution—Fehling’s solu- 
tion really consists of two separate solutions, portions of which 
are mixed immediately before they are employed in making a 
test. One of them is a solution of copper sulphate; the other 
an alkaline solution of sodium, potassiumi tartrate. They may 
be prepared as follows: 

1. Fehling’s Copper Solution.—Fehling’s copper solution is 
prepared by dissolving 69.28 grams of pure, crystallized copper 
sulphate, CuSO,.5H,O, in distilled water and then diluting the 
solution to 1,000 cubic centimeters. The solution is allowed to 
stand for about 2 days and is then decanted from any sediment 
that may have formed or it is filtered through asbestos. Pre- 
serve it in a tightly-stoppered bottle. 

2. Fehling’s Alkaline Tarirate Solution —Fehling’s alkaline 
tartrate solution is prepared by dissolving 346 grams of pure, 
crystallized sodium potassium tartrate (Rochelle salts) in dis- 
tilled water and then mixing it with a solution made by dis- 
solving 250 grams of potassium hydroxide in distilled water. 
After mixing the two solutions, the mixture is diluted to 
1,000 cubic centimeters and allowed to stand for 2 days. It 


+4 QUALITATIVE ANALYSIS, PART 4 


is then decanted from any sediment or is filtered through 
asbestos, and preserved in a tightly-stoppered bottle. The 
solution may also be modified by using 100 grams of sodium 
hydroxide in place of the 250 grams of potassium hydroxide. 


68. Procedure——To carry out the test for sugar, place 
1 cubic centimeter of the alkaline tartrate solution in a test 
tube, then add an equal volume of the copper solution, dilute 
the mixture to 10 cubic centimeters, and heat to boiling. If 
the solution has been properly prepared it will remain clear ; 
if a precipitate forms, the solutions are worthless and it will 
be necessary to make up new ones. 

After boiling the solution for a few seconds, remove it from 
the flame, and at once add the urine to be tested, a few drops 
at a time. When about 1 cubic centimeter of the urine has 
been added, the mixture should again be heated to boiling, but 
the boiling must not be continued more than a few seconds. 
Continue the gradual addition of the urine, keeping the solu- 
tion as near the boiling point as practicable, until 10 cubic cen- 
timeters have been added, and again boil the solution for a few 
seconds. If the solution remains unchanged after this treat- 
ment, it is quite safe to assume that the urine is free from 
sugar, for sugar when present acts as a reducing agent, destroy- 
ing the color of the solution, and precipitating red cuprous 
oxide Cu,O. If any considerable amount of the red cuprous 
oxide is precipitated, it is proof of the presence of sugar. In 
experienced hands this is a very accurate test, but, like other 
tests for sugar in urine, it only yields reliable results when 
properly performed. Hence, the beginner should always con- 
firm his results, by repeating the determination or by another 
test, making use of a different method. 


69. Trommer’s Test.—To 8 or 10 cubic centimeters of the 
urine in a large test tube, add one-third of its bulk of sodium 
hydroxide solution, made by dissolving 10 grams of solid sodium 
hydroxide in 30 cubic centimeters of water, and then add, a 
drop at a time, a solution of copper sulphate, made by dis- 
solving 5 grams of the pure crystals in 50 cubic centimeters of 
water. After the addition of each drop of the copper sulphate, 
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the solution should be shaken, and if the precipitate at first 
formed dissolves, this is evidence of sugar, but is not conclu- 
sive. Continue the addition of copper sulphate until a slight 
permanent precipitate is formed, and then heat the solution 
just to the boiling point, and remove it at once from the flame. 
If sugar is present, a precipitate of yellow cuprous hydroxide 
is formed. This soon changes to red cuprous oxide, which 
settles to the bottom or sides of the tube. 

One of these methods is nearly always used in testing for 
sugar in urine, but care must be taken in using them, or 
erroneous results will be obtained. If the boiling is continued 
too long when the copper solution is added, the latter may be 
decolorized, or a slight precipitate may even be formed when 
the urine does not contain sugar, as other constituents of the 
urine have the power of reducing copper sulphate, when boiled 
with it for some time. Albumin, if present, interferes with 
the reduction of copper; hence, it must be removed, by one of 
the methods given later, before Trommer’s test may be 
employed successfully. 


%0. Briicke’s Method.—To avoid the sources of error 
common to most methods for the detection of sugar in urine, 
Briicke’s method is sometimes used. It is carried out as fol- 
lows: To 50 cubic centimeters of the urine in a beaker, add 
60 cubic centimeters of a solution of neutral lead acetate, 
made by dissolving 6 grams of the solid lead acetate in suff- 
cient water to make 60 cubic centimeters of solution. This 
precipitates most of the substances that would interfere with 
the sugar reaction, and leaves the sugar in solution. Filter, 
wash the precipitate on the filter once or twice with cold water, 
and to the filtrate add ammonium hydroxide, in slight, but dis- 
tinct, excess. This precipitates the sugar as lead saccharate 
(PbO).(CsH,.04)2. Allow the precipitate to settle, wash 
twice by decantation with cold water, then filter and wash on 
the filter with cold water until the washings give no reaction 
with red litmus paper. Wash the precipitate from the filter 
into a beaker, using about 75 cubic centimeters of water, and 
pass a current of hydrogen sulphide through the liquid in 
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which the precipitate is suspended, as long as a black precipi- 
tate of lead sulphide is formed. The hydrogen sulphide breaks 
up the lead saccharate, precipitating the lead as sulphide, and 
the sugar goes into solution. Filter off the lead sulphide, and 
wash the precipitate two or three times with cold water. Boil 
the filtrate until all hydrogen sulphide is expelled, and the 
volume of the liquid is reduced to about 50 cubic centimeters. 
If any sulphur separates during the boiling, filter it off, and 
stand the clear filtrate aside for at least twenty-four hours in 
order that any uric acid that it may contain will crystallize. 
A little of the clear solution, which is now freed from sub- 
stances that would interfere with the reaction, is decanted, or 
filtered off, and tested with Fehling’s solution, as previously 
described. 


DETECTION OF ALBUMIN 


71. Occurrence of Albumin.—Whether albumin ever 
occurs in strictly normal urine or not, is a question that has not 
been settled. But if present in normal urine, it is only in minute 
quantities, while in case of some diseases, especially Bright’s 
disease, the urine may contain large quantities of it. In testing 
for albumin, the sample should be perfectly clear, and if the 
urine is cloudy or contains a sediment, it should be filtered 
before testing. 


72. Heat Test—To test for albumin by means of heat, 
half fill a test tube with perfectly clear urine, and gently heat 
the upper part of the liquid to a temperature of 75° or 80° C., 
and examine the sample in a good light to see if any difference 
in transparency between the upper and lower parts of the sample 
can be observed. If much albumin is present, it is usually pre- 
cipitated by the heat in the upper part of the tube, while in the 
lower part, where the sample is still comparatively cool, but little 
or no precipitation is observed. Now continue heating until it 
boils, and finally bring the whole sample to boiling. If a pre- 
cipitate is formed, or the sample becomes turbid, it is due to the 
presence of albumin or phosphates of the alkaline earths. To 
distinguish between these, add about half a cubic centimeter of 
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nitric acid, drop by drop, when the precipitate, if it is a phos- 
phate, will dissolve, while albumin is unchanged or may become 
more distinct. 

If the sample of urine tested is strongly alkaline, probably no 
precipitate will be formed until the nitric acid is added, even 
though it contains considerable albumin; and, if it is strongly 
acid, a soluble modification of albumin may be formed that will 
not be precipitated until the sample is neutralized with sodium 
hydroxide. Hence, the exact procedure to be followed will 
depend on the reaction of the urine. If the urine is acid to 
litraus paper, and a sample, when treated as just described, gives 
no precipitate, a second portion, in a test tube, should be neu- 
tralized with sodium hydroxide solution, and then treated as 
already directed. 


%3. Heller’s Test.—Heller’s test depends on the coagu- 
lation of albumin by nitric acid, when the two liquids are 
brought in contact without mixing. To make this test, place a 
few cubic centimeters of strong, colorless nitric acid in a test 
tube, and add an equal amount of the clear urine to be tested, 
allowing it to run down the side of the inclined tube, so that it 
will not mix with the nitric acid. If much albumin is present, 
a white band will be formed at the point where the two liquids 
meet, which varies in thickness according to the quantity of 
albumin present. Ifa precipitate is not formed at once, the tube 
and contents. should be set aside for several hours before reach- 
ing a conclusion. 

The test is sometimes modified by forming the two layers as 
described, and then heating cautiously, taking care not to allow 
the liquids to mix more than is necessary. As in the case of the 
test by heat, if the urine is strongly acid, the test by nitric acid 
may fail to produce a precipitate, even though the urine contains 
considerable albumin, on account of the formation of so-called 
acid albumin, which is soluble in acids. Consequently, if the 
urine is acid to litmus paper, and gives no reaction for albumin 
by Heller’s test, as just described, a fresh sample of it should 
be neutralized with sodium hydroxide solution, and the test 
repeated on the neutral sample. 

ILT 17C—14 
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When nitric acid stands in contact with urine, it acts on the 
coloring matter, forming a dark ring that grows darker on 
standing, and if albumin is present, and coagulated by the nitric 
acid, it is often colored more or less by these coloring matters, 
which have been rendered dark by the acid. 


DETECTION OF HYDROCHLORIC ACID 


%4, Importance of Test—Hydrochloric acid occurs in 
urine chiefly combined with sodium, in the form of sodium 
chloride, but also in smaller quantities, combined with potas- 
sium and ammonium. In normal urine, the amount passed in 
24 hours should contain from 10 to 16 grams of chlorides. The 
detection of hydrochloric acid or chlorides is sometimes impor- 
tant in the case of certain acute diseases. In these cases the 
disappearance of chlorides from the urine indicates a change for 
the worse, while their reappearance always denotes improve- 
ment. In the case of acute pneumonia, the appearance of 
chlorides in the urine is frequently the first indication of 
recovery. 


%5. Procedure.—To test for hydrochloric acid, place about 
25 cubic centimeters of the clear urine in a small beaker, add 
about half a cubic centimeter of dilute nitric acid to keep the 
phosphates in solution, and then 2 or 3 drops of silver nitrate 
solution. If the urine contains from 4 to 1 per cent. of chlo- 
rides, curdy lumps of white silver chloride which do not readily 
break up, will be formed, or else the solution takes on a milky 
appearance when it is gently agitated. If curdy lumps of pre- 
cipitate are not formed, but the solution becomes equally milky 
throughout, it shows that the urine contains less than the normal 
amount of chlorides, while a failure to obtain a precipitate shows 
the absence of chlorides. 

A small amount of albumin in the urine does not usually 
interfere with the determination of the normal quantity of 
hydrochloric acid, but if much albumin is present, or if the 
quantity of hydrochloric acid is small, it is necessary to remove 
the albumin before testing for hydrochloric acid. ‘To do this, 
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heat the sample of urine to boiling, add a few drops of nitric 
acid, allow the albumin thus precipitated to settle, and filter it 
off. To the clear filtrate add a little more nitric acid, and 
then silver nitrate solution as just directed. 


SAMPLES FOR PRACTICE 


76. In examining urine for sugar and albumin, only nega- 
tive results are ordinarily obtained; hence, the beginner is 
advised to make up samples containing these substances, in 
order to become familiar with their reactions. This may be 
done by dissolving small quantities of sugar and albumin in 
water, and adding the solutions to samples of normal urine. 
A solution containing sugar may readily be made by dissolving 
about 1 gram of grape sugar, or glucose (the kind of sugar 
that occurs in urine), in 50 cubic centimeters of water, and 
adding it to an equal amount of urine. A solution containing 
albumin is not quite so easily prepared, but may be made as 
follows: Add the white of an egg to about 100 cubic centi- 
meters of cold water, stir it well for some time, and allow the 
part that does not dissolve to settle. After the undissolved 
portion has completely subsided, pour the clear liquid, which 
contains albumin in solution, into an equal volume of urine. 


QUANTITATIVE ANALYSIS 


(PART 1) 


INTRODUCTION 


1. Definition of Quantitative Analysis.—Quantitative 
analysis is that branch of chemistry which has for its object 
the study of the methods for the determination of the exact 
quantities of the different constituents of a substance. If it 
is required to merely ascertain the amount of one of the ele- 
ments contained in a substance, the operation is called a 
determination. If the amount of each of the elements is 
required, the process is called an analysis. Qualitative analy- 
sis informs us what elements a substance contains, without 
reference to quantity; and quantitative analysis takes the 
subject up where qualitative analysis leaves it, and shows 
us the exact amount of each of these elements contained in 
the substance. For instance, by means of qualitative analy- 
sis we learn that a silver coin is composed of silver and 
copper, and, by noting the relative sizes of the precipitates 
obtained, we would judge that it contains more silver than 
copper, but more than this we cannot learn from qualitative 
analysis. Having learned by qualitative analysis that the 
coin is composed of silver and copper, we are now ready to 
subject it to a quantitative analysis, and by this.means deter- 
mine the exact amount of each of these elements that it con- 
tains. Obviously, the qualitative analysis precedes the 
quantitative, for we must know what elements a substance 
contains before we determine their amount. 
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The methods employed to obtain these results vary 
greatly, and are based on different principles. Depending 
on the principles employed, the subject may be divided into 
three parts; viz., gravimetric analysis, volumetric analysts, 
and special methods. 


2. Gravimetric Analysis.—In gravimetric analysis, as 
the name implies, the elements are determined by separa- 
ting and weighing them. They may be precipitated and 
weighed in the uncombined state, in which case they are 
known as educts, or they may be precipitated in the form of 
compounds of known composition, known as products. The 
weight of an educt is, of course, the weight of the element 
contained in the sample, while in the case of a product, the 
quantity of an element that this known compound contains 
must be calculated. This may be illustrated very well by 
means of the coin above referred to. If 1 gram of the silver 
coin were dissolved in nitric acid, and the copper precipitated 
from this solution by means of a current of electricity, the 
educt thus obtained would weigh .1 gram, or one-tenth the 
weight of the coin. Thus we find directly that the coin con- 
tains 10 per cent. of copper. If the copper should be pre- 
cipitated and weighed in the form of oxide CuO, the weight 
of this product would be .1252 gram, and from this the 
weight of the copper would have to be calculated. As the 
composition of the product is known, this may easily be 
done by making use of the proportion: 


Mol Wt. CuO 2 At Wt. Ce’ = 2 Wry ormproduct 3x7 


Taking the atomic weights of copper and oxygen as 63.5 
and 16, respectively, and substituting the values in the 
above proportion, we obtain: 


f2ee03.) = 125204. + = leeeamenof copper 


The percentage of the elements in the compounds most 
frequently weighed has been ascertained by experiment and 
calculation, and the results thus obtained have been pub- 
lished in the form of so-called ‘‘tables for the calculation of 
analyses’; in actual analysis, these are generally used in 
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calculating results. By multiplying the weight of the prod- 
uct by the percentage of the element sought, and dividing 
by the weight of sample taken, the percentage of the ele- 
ment contained in the original substance is obtained directly, 
If the atomic weights of copper and oxygen are taken ag 
63.5 and 16, respectively, copper oxide will contain 79.86 per 
cent. of copper. Using this in the above example, we would 
have .1252 x 79.86 +1 = 10 per cent. of copper in the coin. 

From what has been said, it is evident that in gravimetric 
analysis the element to be determined must either be weighed 
as an educt or converted into an insoluble compound that is 
of known composition and is capable of being weighed 
exactly. The terms soluble and insoluble are always used rel- 
atively in chemistry. No compound is soluble to an indefi- 
nite extent, and no compound is absolutely insoluble. 
When an insoluble compound is spoken of in quantitative 
analysis, a compound is meant that does not dissolve to any 
appreciable extent in the quantity of liquid ordinarily 
present. The compound into which the element is converted 
must be one that can be weighed exactly. If the element 
is converted into acompound that absorbs moisture so rapidly 
that it cannot be accurately weighed, we have no means of 
determining its amount; and however accurately a compound 
may be weighed, if its composition is not known, we have 
no means of calculating the quantity of the desired element 
that it contains. 


3. Volumetric Analysis.—In volumetric analysis, the 
quantity of an element in a substance isdetermined by noting 
the quantity of a liquid of known power of action required 
to change the element from one definite state to another 
equally definite state. In doing this it is necessary that we 
have the means of determining the exact point at which the 
reaction is complete. Returning to the illustration of the 
coin, the silver may be precipitated from the solution by a 
solution of sodium chloride, according to the equation: 


AgNO,+ NaCl = NaNO,+ AgCl 


the silver chloride weighed, and the silver calculated as in the 
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case of the copper. But in this case we may determine the 
silver volumetrically, for we know that 1 molecule of sodium 
chloride changes 1 molecule of silver nitrate to 1 molecule of 
silver chloride. Consequently, if we add just enough of a 
solution of sodium chloride of known strength to precipitate 
all the silver from the solution, we can readily calculate the 
amount of silver present from the amount of sodium chloride 
required to precipitate it. But volumetric analysis is not 
limited to precipitations. We have seen that oxidizing agents 
change some of the metals from lower to higher states of 
oxidation. Thus, potassium permanganate changes ferrous 
to ferric compounds, according to the equation: 


10/eSO,+8H,SO,+2KMn0, 
= 5FeSO,), +2MnSO,+ K,SO,+8H,O 


Now, if we add a potassium-permanganate solution of known 
strength to a ferrous sulphate solution containing free sul- 
phuric acid, the color of the permanganate is destroyed while 
oxidation is taking place; but, finally, a point is reached at 
which an additional drop of the permanganate imparts a 
permanent pink color to the solution, showing that the oxida- 
tion is complete. Knowing the strength of the perman- 
ganate solution, and the amount used, we can readily 
calculate the quantity of iron oxidized from the above equa- 
tion. This method of analysis is peculiarly adapted for the 
determination of free acid or alkaliin asolution. If wewish 
to determine the strength of a solution of hydrochloric acid, 
all that is necessary isto add a few drops of phenol-phthalein 
solution, and then slowly introduce a solution of sodium 
hydrate, the strength of which is known, until the last drop 
gives a permanent reddish tinge to the solution, showing 
that the acid has been neutralized. Knowing the quantity 
and strength of the sodium-hydrate solution used, the 
amount of acid may readily be calculated from the equation: 
HCl4+ NaOH = NaCil+H,O 


Thus, we see that the volumetric method of analysis is widely 
applicable, and may be used in every case where a solution 
of known strength acts quantitatively on another solution in 
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such a way that the exact point at which the reaction is com- 
plete may be noted. 


4. Special Methods.—Under this head are grouped 
those methods that are based on principles differing from 
those mentioned above. To this class of analyses belong the 
so called colorometric methods, in which the quantity of a sub- 
stance in a solution is determined by comparing the color of 
the unknown solution with the color of a solution of known 
strength. The determination of substances by means of the 
polariscope, in which the quantity of a substance present in 
a solution is determined by the extent to which the solution 
polarizes light, also belongs to this class of analyses, 


5. Importance and Scope of Quantitative Analysis.— 
We can hardly overestimate the importance of quantitative 
analysis. In fact, it may be said that chemistry owes its 
elevation to the rank of a science to this branch, for it was 
through quantitative investigation that the laws on which 
the science is founded were discovered. Quantitative 
researches revealed the composition of chemical compounds, 
and from these the laws that govern chemical combinations 
and transpositions were deduced. The field of quantitative 
analysis is practically limitless. All material bodies—solid, 
liquid, or gaseous—may be subjected to quantitative investi- 
gation. The field is so broad that it cannot be covered by a 
work of this character, so in this Course only those substances 
that are necessary to give the student a thorough knowledge 
of the methods employed, and those that frequently call for 
analysis, will be treated. If, however, the student masters 
what is here given, he will be able to perform ordinary opera- 
tions and will be in a position to pursue the study of any 
particular branch of the subject. The subject as treated in 
this Course may be divided into two parts; viz., the analysis 
of chemical compounds and the analysis of complex sub- 
stances. The objects in these two cases are different. Com- 
plex substances are usually analyzed in order to render a 
service to one of the industries, while the analysis of chemical 
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compounds is primarily for the purpose of solving ques- 
tions relating to chemical theory. In beginning quantitative 
analysis, the student. should always determine the elements 
in a number of compounds of known composition before 
attempting the analysis of complex substances, as by this 
means he will become familiar with quantitative methods 
and the properties of precipitates, and will be able to ascer- 
tain the correctness of his results by simple calculations. On 
account of its many advantages, this system will be followed 
in the present work. 


6. Preparation of the Sample for Analysis.—In the 
analysis of minerals and many industrial products, the sample 
must be finely pulverized and 
dried before weighing it for 
analysis. It is usually broken 
into small pieces by some con- 
venient method, and these 
pieces are then ground to a fine 
powder, generally by means of 
a mortar and pestle made of 
agate. The ground sample is 
then dried by heating it for an 
hour or so in an air bath, simi- 
lar to the one shown in Fig. 1, 
at a temperature generally ran- 
ging from 100° to115°. The bath 
should be provided with a ther- 
mometer a, and the temperature 
may be regulated by turning the burner 6 up or down, as 
the case may require. 

In the case of substances that dissolve easily, it is not neces- 
sary to pulverize the sample, but if the sample consists of 
large lumps or crystals, these should be broken up some- 
what, in order to render solution more easy and rapid. Com- 
pounds must also be dried to remove hygroscopic moisture, 
but, in the case of those containing water of constitution, or 
crystallization, this must be done very carefully in order to 
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avoid the removal of water that properly belongs to the 
compound. Unless a crystalline substance is quite damp, it 
should not be heated in an air bath at all, but should be dried 
by a method to be described later. If the sample is quite 
damp, it must be dried by allowing it to stand in warm air or 
in the air bath. A few minutes’ heating at a moderate tem- 
perature is usually sufficient to remove the hygroscopic 
moisture in these cases, but the student will have to rely 
largely on his own judgment in this matter. In any case, 
the dried sample should be allowed to cool in a desiccator to 
prevent the absorption of moisture from the air while cooling. 

A convenient form of desiccator is shown in Fig. 2. 
In the bottom is placed dry fused 
calcium chloride, which absorbs the 
moisture rapidly, rendering the air in 
the dessicator perfectly dry. <A pipe- 
stem covered triangle, or still better, a 
platinum-covered triangle—which may 
be made by wrapping platinum foil 
around an ordinary iron triangle—is 
placed at the narrow portion to sup- 
port the watch glass containing the 
sample or the crucible containing the precipitate to be 
weighed. 

Salts containing water of crystallization must not be 
allowed to remain long in the desiccator, as they gradually 
give up their water of crystallization in this dry air—a fact 
indicating the best method of drying crystalline substances 
that are not too damp. The salt containing water of crystal- 
lization is merely placed in a desiccator and allowed to stay 
there until the hygroscopic moisture is absorbed; it is then 
removed and weighed before it begins to lose water of crys- 
tallization. No fixed rules can be given for the length of 
tinie crystalline substances should remain in the desiccator, 
but the student will soon learn this by practice. In the case 
of copper sulphate and similar substances, the drying should 
be stopped as soon as the compound begins to show any 
change in crystalline form or color, and only those crystals 
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that have not been changed in any way by the drying process 
should be selected for analysis. 


%. Weighing.—Weighing is one of the most important 
operations in quantitative analysis, as all results depend on 
this operation. In every analysis, the sample must be 
weighed. In gravimetric analysis, the educts or products 
are also weighed, and in volumetric analysis, the substances 
used in making the standard solutions are weighed; hence, 
the accuracy of all quantitative work depends largely on 
accuracy in weighing. The process of weighing has already 
been described in /norganic Chemistry, and the balance 
and method of using it there described will be found 
sufficiently accurate for practice and for many practical 
analytical processes; but if exact weighing is required, a 
balance similar to that shown in Fig. 3 must be employed. 


In this case, a 10-milligram weight is the smallest one 
placed upon the pan of the balance. The weights are 
added as described in Inorganic Chemistry, until an addi- 
tional 10-milligram weight is too much. Then place the 
centigram rider a, Fig. 3, on the beam, and move it from 
place to place until a point is found at which the pointer 
vibrates an equal distance on each side of the zero point. 
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The beam is so graduated that the same effect is produced’ 
by placing the rider on these graduations as would be pro- 
duced by placing weights varying from ;, of a milligram to 
10 milligrams on the pan, 

Whatever form of balance is used, a few simple rules 
should always be followed. 

1. Only a very few substances should ever come in con- 
tact with the pans of the balance. The number of substances 
may generally be limited to three; viz., glass, metals, and 
porcelain. If chemicals are weighed directly on the pans, 
they will almost invariably be corroded; hence, samples for 
analysis should be weighed on a watch glass, and the pro- 
ducts should be weighed in crucibles. In weighing samples 
on a watch glass, the watch glass is usualiy rinsed with cold 
water, wiped well on a soft, dry cloth, and weighed. The 
sample is now added, and the weight of the glass and sample 
taken. By subtracting the first weight from the second, the 
weight of the sample is obtained. Some chemists, however, 
prefer to heat the watch glass carefully over the Bunsen 
flame and allow it to cool in a desiccator before weighing. 

2. The pans of the balance should always be arrested 
before changing weights, and this should be done carefully, 
as a sudden jar injures the balance, 

3. A vessel should never be weighed while warm, for in 
that case it will always weigh lighter than it really is. 

4. Theoretically, it is immaterial upon which pan a sub- 
stance is weighed, but in practice, it is best to always weigh 
upon the same pan of the balance. As arule, the substance 
to be weighed is placed upon the pan to the left of the oper- 
ator as he sits facing the balance, and the weights are placed 
upon the pan to his right. 

5. Ordinarily, samples are weighed on a watch glass as 
previously described, but this method cannot be used in the 
case of deliquescent substances, as they aitract moisture, 
and thus increase in weight very rapidly. Consequently, 
such substances should be weighed in a light, tightly stop- 
pered glass tube, the tube removed from the balance, a 
suitable quantity of the substance shaken into the vessel in 
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‘which the analysis is to be performed, the stopper quickly 
replaced, and the tube and substance remaining in it again 
weighed. The difference between the two weights, of course, 
represents the substance taken for analysis. 


8. The Use of Reagents.—In quantitative analysis, all 
the operations must be performed with greater care than is 
required in qualitative analysis, as a small addition or loss 
of substance causes a serious error in the result. This is 
particularly true of the use of reagents. Enough of the 
reagent must always be added to completely precipitate 
the element to be determined, but a large excess must be 
avoided, as in some cases an excess of the reagent tends to 
redissolve the precipitate at first formed, thus rendering the 
result obtained too low. In other cases, if an excess of the 
reagent is added, it persistently adheres to the precipitate 
so that it can only be washed out with difficulty, and if not 
thoroughly removed, it gives too high a result. While this 
is an important matter in single determinations, it is of still 
greater importance in complete analyses, where the elements 
are successively removed from a solution by means of 
reagents. Take, for example, the analysis of limestone, in 
which silica, iron and aluminum, calcium, and magnesium 
are usually determined. If a large amount of free hydro- 
chloric acid is left in the solution when the silica is removed, 
a large amount of ammonia will be required to neutralize 
the solution before the iron and aluminum are precipitated, 
and much ammonium chloride will thus be formed in the 
solution. The next step in the analysis is the removal of 
calcium by means of ammonium oxalate, and if a large 
excess of this is also used, we will find by the time that we 
come to precipitate the magnesium as magnesium-ammonium 
phosphate, that the solution contains so large a quantity 
of salts introduced by reagents that this cannot be done, 
and the analysis will be lost. The ammonium chloride alone 
would prevent the complete precipitation, and the results 
obtained would be erroneous. It must be remembered that 
water is in a sense a reagent, and its excessive use is to be 
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avoided. On the other hand, enough of each reagent must 
be added to completely precipitate the elements, or the 
results obtained will be equally useless and misleading, 

It is not so difficult a matter as it may appear, to deter- 
mine the proper quantity of a reagent to be added, for in 
the analysis of salts the proper amount may readily be cal- 
culated, and after analyzing a few of these the student will 
learn to recognize the point at which precipitation is com- 
plete.. The method of calculating the quantity of a reagent 
required may be illustrated by taking the case of the deter- 
mination of chlorine in common salt. In this determination, 
the chlorine is precipitated in the form of silver chloride by 
silver nitrate, according to the equation: 

NaCi+ AgNO, = AgCl+ NaNO, 
58.5 170 143.5 85 

If .5 gram of sodium chloride is taken for analysis, the 
weight of silver nitrate necessary to precipitate the chlorine 
may be calculated by means of the proportion: Les S 

58.5:.5=1%0:2. x= 1.45 grams ~~ 

If the reagent contains 20 grams of silver nitrate in 500 
cubic centimeters of solution, the volume of reagent required 
may be obtained by means of the proportion: 

Bao == p00 52. + = Seencubic centimeters 

In practice, it will be found that a little more than the 
calculated amount of a reagent will be required to produce 
complete precipitation; hence, 1 or 2 cubic centimeters more 
than the calculated amount should always be added. In the 
case of precipitates that settle quickly, a drop or two of the 
reagent should be added to the clear liquid above the pre- 
cipitate before filtering, and, as an extra precaution, a few 
drops of reagent should always be added to the filtrate. If 
this produces a precipitate, the addition of reagent must be 
continued as long as a precipitate forms, and this must be 
filtered off and added to the main precipitate. 


9. Filtering.—Filtration has already been described 
in Inorganic Chemistry, and the general method there 
described should be followed; but in quantitative analysis, 
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greater care must be taken in filtering than was necessary in 
any of the preceding work. The ordinary filter paper gen- 
erally used in qualitative work cannot be used here, as the 
ash is so heavy that it seriously affects the results. A large 
number of brands of specially prepared filter paper are for 
sale by chemical dealers, and of these the Swedish paper is 
probably the best. ‘Most of these specially prepared papers 
leave so little ash when burned, that it may be disregarded 
in all ordinary work. They may be obtained in disks of 
various sizes. A size should be chosen that, when folded 
and placed in the funnel, reaches nearly to the top of the 
latter, but does not protrude beyond its edges. For ordinary 
quantitative work, the funnels should be of glass. The filter 
should be fitted closely into the funnel, a little water added, 
and the paper pressed closely to the sides of the funnel. If 
this is properly done, the air cannot pass between the paper 
and glass, and the funnel tube will contain a- column of 
water, the weight of which tends to draw the liguid through 
the paper, rendering filtration much more rapid than it 
would be otherwise. In cases where only a single element 
is to be determined, filtration is ren- 
dered more rapid by bending a piece 
of glass tubing the size of the tube 
of the funnel, so that a ring is formed 
near its upper end, and fastening this 
to the tube of the funnel by means of a 
piece of rubber tubing, as shown in 
Fig. 4. The longer column of liquid 
thus obtained draws the liquid through 
the filter much more rapidly than the 
short column before described, and 
thus saves much time. This method 
should not be employed when more 
than one of the elements in a solution 
is to be determined, as there is always 
greater danger of losing some of the 
filtrate when it is employed. When 
more than one element is to be determined, the tube of the 
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funnel should rest against the side of the beaker in which 
the filtrate is received, so that the filtrate runs down the 
side of the glass and thus avoids spattering. The greatest 
care should be taken in this case to avoid any loss of, or 
addition of foreign substance to, the filtrate. 

When pouring from the vessel in which the precipitation 
was made, the liquid should flow down a glass rod held 
against the lip of the beaker. The end of this rod should 
be held close to the filter paper, and great care should be 
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taken to guard against any loss of liquid by spattering or by 
running down the outside of the containing vessel. Some 
chemists put a thin film of grease on the outside of the lips 
of beaker, etc., to prevent liquid running down the outside. 
This is not necessary, however, as with care it is easy to 
learn to pour with no danger of loss. 

Fig. 5 (a) shows the correct way of pouring a liquid on 
a filter paper. Fig. 5 (0) shows the way it should not be 
done. The liquid should never extend above the top of the 
paper. 

In transferring a precipitate from a beaker to a filter 
paper, a wash bottle should be used in the manner shown in 
Fig. 6 (c). 

ILT 17C—15 
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10. Washing by decantation should be done as far as 
practicable; but the final washing must generally be done 
on the paper. The utmost care should be taken to wet all 

parts of the top of 

the filter paper with 
the stream of water 
from the wash bot- 
tle each time the pa- 
per is washed; see 
Fig. 6.(d).. From 
time to time small 
portions of the wash- 
ings must be tested 
to ascertain when 
the washing is 
complete. This is 
important; for an 
imperfectly washed 
precipitate will 
probably ruin the 
analysis, and as all 
substances are more 
or less soluble, an 
unnecessarily large 
amount of wash 
liquid must be 
=) avoided. Many pre- 
(a) cipitates when they 

HiaG are nearly washed 

tend to pass through the paper; it is therefore a good 
plan to have one large and two small beakers to catch the 
filtrate. Filter the solution into the large beaker, make 
sure that it is perfectly clear, and then set the large beaker 
to one side, and put one of the small beakers under the 
funnel to catch the wash water. When about %5 cubic 
centimeters has collected in the beaker, replace it with the 
other small beaker, and after making sure that the liquid in 
the first small beaker is perfectly clear, add it to the filtrate 
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in the large beaker. Repeat this until the washing is com- 
plete. If at any time the filtrate comes through turbid, it 
must again be poured through the filter. By always having 
only a small amount of liquid under the funnel, much time 
may be saved, and often an analysis can be successfully 
completed which otherwise would be ruined. 


11. In many cases, small particles of the precipitate wili 
adhere so persistently to the sides and bottom of the vessel 
in which the precipitation was made, that a jet of water from 
the wash bottle fails to remove them. These particles are 
usually loosened by means of an instrument known as a 
*¢ policeman,” made by placing a short piece of soft rubber 
tubing on the end of a glass rod, as shown in Fig. 7. After 
rubbing the precipitate from the sides and bottom of 
‘the vessel in this way, it may be washed on to the filter 
by a jet of water from the wash bottle. Any particles 
clinging to the policeman must also be washed on to 
the filter. This rod, or at least the end having the 
rubber, should never be used to stir solutions, or for 
any purpose except to remove precipitates from vessels. 
Small quantities of some precipitates adhere so closely 
to the vessels that they cannot be removed by the 
policeman. In these cases, after removing as much as 
possible of the precipitate to the filter, the remaining 
particles must be dissolved in a few drops of a suitable | 
solvent, a little water added, the substance reprecipi- U 
tated by a slight excess of the original reagent, and ™*‘ 
this precipitate added to the main precipitate on the filter. 


12. This method of filtering gives good results and is 
more likely to be successfully carried out by an inexperi- 
enced operator. It should therefore be used entirely until 
considerable familiarity with quantitative operations has 
been acquired. Such filtrations are, however, often very 
slow, and the busy chemist must often use one of the follow- 
ing methods of rapid filtration. As we have seen, when a 
tube is attached to the lower end of a funnel, the increased 
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weight of water tends to draw the liquid through the filter 
more rapidly than it otherwise would. On the same princi- 
ple, if rather strong suction is applied at the lower end of 
the funnel, and the filter paper is pressed so close to the 
sides of the funnel that no air can pass between the glass 
and paper, filtration, which is a tedious operation at best, | 
will be materially shortened. This may be accomplished by 
placing the end of the funnel in a tight vessel from which 
the air is partially exhausted. 


13. A Simple Filter Pump.—A simple form of filter 
pump is shown in Fig. 8. The flask a is made of strong 
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heavy glass to withstand pressure. It is fitted with a doubly 
perforated rubber stopper, through one perforation of which 
the tube of the funnel 4 is passed, while a glass tube, bent 
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at right angles, passes through the other perforation. This 
tube is connected, by means of a rubber tube, with a glass 
tube passing through the stopper of the bottle c, which has 
a tubulure near the bottom. ‘This tubulure is fitted with a 
perforated rubber stopper through which a glass tube is 
passed, and this glass tube is connected with a similar glass 
tube passing through the tubulure of the bottle d by means 
of a piece of rubber tubing. 

The bottle ¢c is now filled with water, the apparatus con- 
nected, and @ placed upon the floor. The water begins to 
pass from c to d, leaving a partial vacuum in c, and some of 
the air passes over from the flask a to-help fill this. A par- 
tial vacuum is thus produced in the flask a, and the liquid is 
drawn through the filter to fill this. When all the water has 
passed from ¢ to d, the bottle d may be placed upon the 
table, connected with the flask a, and c may be placed on the 
floor, thus causing the water to flow back; this may be 
repeated as often as necessary. It is very handy to havea 
screw pinch cock e on the tube connecting the two bottles, 
to prevent the flow of water from one to the other while 
their positions are being changed. 

This form of filter pump does not produce very strong 
suction, and, consequently, filtration is not nearly so rapid as 
when a stronger form of pump is used; but it is very handy 
in many cases, as it can be arranged in any laboratory ina 
few minutes. If bottles having tubulures near the bottom 
are not at hand, ordinary large bottles may be used. In this 
case, the bottles are fitted with stoppers having two perfora- 
tions, and are connected by a piece of rubber tubing attached 
to glass tubes passing through the stoppers and nearly to the 
bottom of each bottle. The wateristhus siphoned from one 
bottle to the other, and this works nearly as well as the form 
shown in the figure. 


14. A Stronger Pump.—lIf the laboratory is supplied 
with running water, as every laboratory should be, a much 
more efficient pump, depending upon running water for the 
exhaustion of air, may be used. Aspirators depending upon 
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running water are made in several forms and of different 
materials, Both glass and metal aspirators may be purchased 
from dealers. A very good form of filter pump is shown in 
Fig. 9. The aspirator is connected with the faucet by means 
of a piece of strong rubber tubing, or a rubber band d, and 
is firmly bound to the faucet by means of a cord or wire. 
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The water flowing through the tube 4, and out of the zigzag 
tube at the bottom, draws the air out of the bulb a, having a 
side tube ¢ that is connected with the flask ¢, by means of a 
rubber tube having thick walls to withstand the pressure. 
With a strong water pressure, more than nine-tenths of the 
air may be exhausted from the flask e by means of this 
pump, thus producing strong suction, and, consequently, 
rapid filtration. 


15. A Platinum Cone.—If we were to place a filter 
paper in a funnel in the ordinary manner, and apply suction, 
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by means of the pump just described, while filtering, the 
paper would immediately be broken. To avoid this breaking 
of the paper and consequent 
loss of precipitate, a plati- ~@ 
num cone is frequently used 
to protect the cone of the 
filter. A platinum cone is 
shown at (2), Fig. 10, andat 
(0) it is shown placed in the 
funnel ready for use. It igs 
merely a cone made of thin 
platinum, and filled with 
small perforations through 
which the liquid can pass, 
but which are too small to 
allow the suction to break 
the paper. The cone must fit the funnel perfectly, and the 
paper is then fitted into the funnel in the same way that 
would be done if the cone were not employed. A circular 
piece of muslin about 2 inches in diameter may be substi- 
tuted for the platinum cone. This is folded like a filter 
paper and fitted to the funnel. The filter paper is then 
carefully fitted over this. Unless the paper fits the funnel 
accurately, it is almost sure to be broken. 

While this method of rapid filtration is very handy in 
many instances, it is not best to apply it in all cases. Pre- 
cipitates that tend to run through the filter—notably zinc 
sulphide and barium sulphate—are much more likely to pass 
through when suction is applied than when allowed to filter 
in the usual manner. When several elements are to be suc- 
cessively separated from the same solution, there is increased 
danger of loss of solution if stiction is applied in filtering; 
hence, if this method is employed in these cases, greater care 
should be taken to avoid such loss, 
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16. The Gooch Crucible.—A rapid method of filtering 
without paper is afforded by the Gooch crucible, which serves 
both as filter and crucible. It is similar to an ordinary 
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platinum crucible, except that the bottom is filled with small 
perforations, and it is supplied with a platinum cap that fits 
over the bottom. In Fig. 11 the crucible and cap are shown 
at (a), and the crucible fitted into the funnel tube as it is 
used in filtering is shown at (0). To use this crucible, fit it 
into the top of a funnel tube over which a short piece of 
thin flexible rubber tubing is stretched, as shown at (0), 
making an air-tight connec- 
tion. Insert the lower end of 
“lm isthe tube through a perfora- 
( tion of a rubber stopper into 
: a filtering flask. Into the 
crucible pour a little pre- 
pared asbestos that has been 
scraped so that the fibers have 
a soft, silky texture, washed 
in acid to remove all impuri- 
ties and suspended in pure 
water. Attach the flask to 
an aspirator, and draw the 
water through. The asbestos 
will be deposited on the bot- 
tom of the crucible in a firm, 
compact layer, which will 
retain the finest precipitates, 
and allow the liquid to pass 
through quite freely under 
Fic. 11 the action of the filter pump. 

When all the water has passed 

through the crucible, wash the felt of asbestos two or three 
times with water, and suck the felt as dry as possible. To 
guard against breaking the layer of felt in pouring in the 
liquid to be filtered, it is a good plan to place a perforated 
platinum or porcelain dish on top of the felt after it has been 
evenly distributed on the bottom of the crucible. The same 
result can be attained by covering the asbestos felt with a 
thin layer of perfectly clean quartz sand. Remove the 
crucible from the funnel tube; if any asbestos is on the outside 
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of the crucible, wipe it off; place the cap on the bottom of the 
crucible, dry, ignite, cool, and weigh it. Replace the cruci- 
ble in the funnel tube, apply suction, wet with water, pour 
the liquid to be filtered through it in the same manner that it 
is poured through a filter, bring the precipitate on to the felt, 
and wash in the same way that is done when a filter paper is 
used. Remove the crucible from the tube, place the cap on 
the bottom, dry, ignite if necessary, and weigh. The increase 
in weight over the first weighing is the weight of precipitate. 

There is no paper present to reduce the precipitate 
during ignition, and all precipitates that do not attack 
platinum may be ignited in this crucible. Those pre- 
Cipitates that do attack platinum may be filtered in a 
porcelain crucible with a perforated bottom, similar in every 
way to the platinum crucible just described; hence, this 
method of filtration may be applied in every case. It is very 
often used in the case of precipitates that cannot be ignited. 
If a weighed filter is used in such cases, it is likely to change 
in weight, slightly, and thus render the results inaccurate; 
but, if the asbestos felt is properly made, the weight of a 
Gooch crucible scarcely varies at all, though it be washed, 
dried, and weighed, repeatedly. 


1%. Drying and Igniting the Precipitate.—The last 
wash water is sucked through the filter, or allowed to drain 
off completely. The funnel is now covered by folding over 
it a piece of common filter paper in the manner shown in 
Fig. 12, placed in the air bath, and thoroughly dried. 

Clean a crucible thoroughly, heat it to redness over a color- 
less flame, and put it in a desiccator to cool. When the cruci- 
ble is thoroughly cool, weigh with the cover, and replace in 
the desiccator until you are ready to use it. 

Select a smooth sheet of linen paper, lay it on a clean 
table, place a 3-inch watch glass in the middie of this sheet 
of paper. Now take the funnel containing the dried pre- 
cipitate in the left hand, with the right hand catch the upper 
edge of the filter paper, and with a twisting motion draw it 
from the funnel, wiping the upper part of the funnel with 
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the paper as it is drawn out. Invert the paper over the 
watch glass and let as much of the precipitate as possible 


FIG. 12 


fall on the glass. Now spread out the paper and by very 
gentle rubbing loosen the precipitate that is transferred to 
the watch glass. Collect any particles that have fallen on 


the paper and transfer them to the watch glass. Cover this 
with another watch glass of the same size, and set aside. 
Place the weighed crucible on a triangle supported by a 
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clean tripod. Fold the filter paper tightly, catch it by the 
upper edge with a perfectly clean pair of crucible tongs or 
forceps, hold it close down over the crucible, and ignite with 
the flame of a Bunsen 
burner, as shown in 
Fig. 138. Catch the ashes 
in the crucible. Place 
the crucible on a trian- 
gle in the position shown 
in Fig. 14. Heat with 
a Bunsen burner until 
the last particles of pa- 
per have been burned, 
allow to cool, and trans- 
fer the precipitate from 
the watch glass to the 
crucible, using a camel’s- 
hair brush. See Fig. 15. 
Place the cover on the 
crucible, return to the 
triangle, and heat very gently at first, and finally to the 
degree directed for the particular precipitate. 

The above method requires great care. The same result 
can be more easily accomplished, at the expense of a little 
more time, by separating the paper from the precipitate, as 
directed, and folding the paper ina small mass, placing in 
the crucible, which is placed on the triangle, asin Fig. 14, 
and igniting carefully with a Bunsen burner, 


18. The above is the best ordinary method of igniting 
precipitates. But, in the case of precipitates that are not 
reduced when ignited in the presence of filter paper, much 
time is sometimes saved by igniting these precipitates without 
drying them. If this method of ignition is employed, draw 
the last of the wash water out of the precipitate, and filter as 
completely as possible by means of the filter pump. Fold the 
paper carefully around the precipitate in such a way that it 
will prevent particles from flying out and being lost, when 
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heat is applied, and place the whole in a crucible, put the cover 
on, stand it in a triangle, and heat gently over a Bunsen 
burner, turned low, at first. Gradually increase the heat until 


Fic. 15 


the precipitate is perfectly dry and the paper is charred. 
Then remove the burner for a moment, place the crucible in 
a slanting position, and partially withdraw the lid, as shown 
in Fig. 14. Replace the burner under the crucible, and con- 
tinue to heat it until the paper is completely burned off, 
Placing the lid of the crucible in the position shown in the 
figure, hastens the burning of the filter, by causing a draft 
of air to pass through the crucible, thus supplying oxygen 
to burn the carbon. If the crucible and cover are placed in 
the proper position, this current of air will not be strong 
enough to cause any loss of precipitate. This operation is 
tather slow in some cases, and is hastened by turning the 
crucible from time to time, so that each part of it is brought 
successively into the flame. If the paper is very slow in 
burning, it may sometimes be hastened by stirring the pre- 
cipitate with a stout piece of platinum wire. When this is 
done, the burner must be removed while stirring, and great 
care must be taken to guard against loss. If the precipitate 
is one that requires intense ignition, a blast lamp may be 
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substituted for the Bunsen burner, after the paper is charred; 
but in this case it is best to stand the crucible in an upright 
position, or at least take care that the flame strikes the cruci- 
ble in such a way that it does not produce a strong draft of air 
through the top of it, for with a blast lamp it is easy to produce 
a current of air that will carry out particles of precipitate. 

The time that this method of ignition saves in determining 
silica, iron, alumina,calcium, etc., the precipitates of which 
are not reduced by heating with carbon, is considerable. 
The danger of loss, however, is greater when it is employed, 
and, consequently, greater care should be exercised. 


19. Care of Platinum Apparatus.—A great deal of 
good analytical work can be done without the use of platinum 
apparatus, but in some operations platinum crucibles and 
dishes are necessary; as these are very expensive, they should 
be handled with care. 

Platinum vessels, especially new ones, after exposure 
to high heat, should be scoured with sea sand (round grains). 
The heating in contact with gas, especially when the com- 
bustion is not complete, causes a gray deposit on the plat- 
inum, probably due to the formation of a carbide. There is 
also a slight tendency to crystallize. This film makes the 
platinum brittle; but the rubbing with moist sea sand 
removes this film without materially damaging the vessel. 
Stains on the inside that are not removed by scrubbing with 
sand may generally be removed by digesting with warm 
hydrochloric acid, or by fusing with potassium bisulphate. 

Platinum vessels should never be heated in contact with any 
of the following substances: (1) Free metals; (2) compounds 
that might be reduced to metals; (3) phosphates and organic 
matter (such as filter paper); (4) hydroxides, cyanides, or sul- 
phides of the alkalies, or compounds that might yield these 
substances; (5) nitrates of the alkalies, except in the presence 
of large amounts of carbonates; (6) compounds that might 
yield free chlorine; (7) compounds of arsenic or antimony. 

If these rules are observed, with careful handling a plati- 
num crucible will last for many years. 
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20. Handling Hot Crucibles and Dishes.—Hot cru- 
cibles and dishes are handled with forceps or crucible tongs; 
crucible tongs made of solid nickel are the best. The tongs 
should rest with the points ~p when on the table. The nat- 
ural inclination is 
to grasp the tongs 
as in Fig. 16 (2), 
and then lay them 
on the table as in 
Fig. 16 (7). Cul- 
tivate the habit of 
grasping the tongs 
as in Fig. 16 (2); 
then you will lay 
them on the table 
as in Fig. 16 (¢). 


21. Record- 
ing Analyses.—A 
careful and com- 

i .« plete record of all 
i} \jliy'|| analyses performed 
' should be kept ina 
book that is used 
for this purpose 
alone. Each weight 
should be set down 
in this book as soor 
as .teken, The 
weight of the watcn 
glass should first 
be set down, the 
weight of the watch 
glass plus the sample placed directly above this; the weight 
of the sample is then obtained by subtracting the first 
weight from the second. The weight of the crucible is next 
set down; the weight of the crucible plus the precipitate is 
placed directly above this; the weight of the precipitate is 
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obtained by subtraction, as in the case of the sample. A 
uniform method of recording analyses should be adopted, 
and the following form, which has been found very con- 
venient, is recommended for recording the gravimetric 
determination of single elements in compounds. 


DETERMINATION No...... ss 
POLE tNalION Of, 6serrsercers APOE 5 OC Un ori c pialeale-< method. 
Comme nced.,...crees SO OanOOAG “OAR GABE Ne 
Watch glass + substance SES avsicre uinrenetelertatets 
Watch glass = Pb adoacucoccod : 
Substance Se acietereis saofetersueter 
Crucible + Ppt, = Géncasdenooe A 
Crucible = scaretehereets oicteta ons 
Ppt. 1 | eee eies te 
Pemeenti nor) ck ccc otic Sfounagiu== . ae PNelereht tre ; 
Per cent. caleulated® = . 2... 6.c.csc cee 
Error ra hs oe ecaterustay avs" 


CALCULATIONS AND REMARKS. 
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GRAVIMETRIC DETERMINATIONS 


GENERAL REMARKS 


22. It is impossible to master the subject of quantitative 
analysis by merely reading directions, without actually per- 
forming the operations described; hence, the student is 
urged to make as many of the following determinations as 
possible. The operations are simplified as much as possible, 
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so that many of them can be performed with very limited 
facilities. After each determination, the student should cal- 
culate the theoretical percentage of the element determined 
in the compound taken, and compare the result obtained with 
this calculated result. It will be found that the result 
obtained by analysis very rarely corresponds exactly with 
the calculated result, and when this does happen, it is only 
by chance. There are anumber of reasons why these results 
do not ordinarily agree exactly. The compound analyzed 
may not contain exactly the theoretical amount of the element 
determined; or, if it does have exactly the theoretical com- 
position, the discrepancy may be due to the method or to 
execution. Probably no method is absolutely correct. All 
substances dissolve to a greater or less extent, and those that 
are ignited may be partially decomposed or slightly volatil- 
ized. The execution of an analysis can never be absolutely 
accurate, even though the greatest care is taken, The bal- 
ances are not absolutely accurate, our weights and measures 
are not absolutely correct, reagents are not absolutely pure, 
and, however careful we may be, we can never completely 
avoid dust. With good methods and careful manipulation, 
however, the results should come very close to the truth. 
The student is strongly advised to weigh up two samples and 
make duplicate determinations in each case. The best way 
to master this part of the work isto first read all that is given 
in regard to a determination, and then, using the description 
given as a guide, make this determination and become 
thoroughly familiar with it before passing on to the next 
element. 


CHLORINE 


23. Determination of Chlorine as Silver Chloride.— 
Weigh very accurately about .5 gram of pure, dry sodium 
chloride NaC? on a watch glass, carefully transfer it to a 
beaker, and dissolve it in about 75 cubic centimeters of 
water. Heat this solution gently, and precipitate the chlo- 
rine by adding slowly, and with constant stirring, a slight 
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excess of a solution made by adding about 10 drops of nitric 
acid to 40 cubic centimeters of silver nitrate. Continue the 
addition of this reagent until an additional drop produces no 
additional cloudiness in the nearly clear solution above the 
precipitate, which has been allowed to settle to the bottom 
of the beaker. Now raise the heat and continue the stirring 
until the liquid comes to the boiling point, and the precipi- 
tate gathers, and settles rapidly, leaving the supernatant 
liquid clear. 

Decant as much as possible of the clear liquid through a 
filter, leaving the precipitate in the beaker, and to this add 
about 50 cubic centimeters of hot water and half a dozen 
drops of nitric acid. After stirring well, allow the precipi- 
tate to settle, decant the liquid through the filter, wash the 
precipitate on to the filter, and while it is on the filter, wash 
it with hot distilled water until it is free from silver nitrate. 
If all the water is allowed to run through each time, before 
another quantity is added, about five or six washings will 
generally be sufficient. Cover the funnel with a piece of 
paper to protect the precipitate from dust, and stand it aside 
to dry; or, better, heat it in an air bath at about 100° until it 
is perfectly dry. 

While the precipitate is drying, heat a porcelain crucible 
and cover to redness on a triangle over the non-luminous 
flame of a Bunsen burner, allow it to cool in a desiccator, and 
weighit. Remove the dried precipitate as completely as pos- 
sible from the filter toa watch glass, using a small camel’s-hair 
brush to remove the last particles. Place the filter in the 
weighed crucible and ignite gently at first, but gradually rais- 
ing the temperature until the carbon of the paper is completely 
burned off, leaving a white ash. By this treatment the 
small amount of precipitate remaining on the paper will be 
reduced to metallic silver, and in order to avoid loss at this 
point, this must be changed back to silver chloride. To 
accomplish this, add 4 drops of nitric acid and 2 drops of 
hydrochloric acid, as soon as the crucible is cool, and heat 
gently until the acid is driven off. Allow the crucible and 
contents to cool, Add the main precipitate from the watch 
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glass, place the cover on the crucible, and gently heat it 
over the Bunsen flame until the precipitate just begins to 
fuse around the edges, removing the cover from time to time 
in order to observe when this point is reached. Remove the 
crucible to a desiccator, allow it to cool, and weigh it. This 
weight minus the weight of the empty crucible is the weight 
of silver chloride, and from this the percentage of chlorine is 
calculated. This may be done in two ways: 

1. We may calculate the weight of chlorine from the 
atomic weights and the weight of the precipitate, by means 
of a proportion, and obtain the percentage of chlorine in 
sodium chloride by dividing the weight of chlorine thus 
obtained by the weight of the sample taken and multiplying 
by 100; thus, 

Mol. wt. 4gC/: At. wt. Cl = wt. of AgCliz. # = wt. of CZ 

#-+wt. of sample taken x 100 = per cent. of C7 in NaCl 

2. We may obtain the weight of chlorine by multiplying 
the weight of silver chloride by the percentage of chlorine 
in silver chloride, which is usually given as 24.73, and divi- 
ding this result by 100; and the per cent. of chlorine in 
sodium chloride may be obtained by dividing this weight by 
the weight of the sample taken and multiplying by 100. 
This may be put in the following form: 

wt. of AgCl~x 24.73 
wt. of sample taken 


= per cent. of Clin NaCl 


24. Notes and Precautions.—If pure sodium chloride 
is not at hand, some of the crude salt may be purified by 
leading hydrochloric-acid gas through a saturated solution of 
common salt in water. As the salt is much less soluble in 
hydrochloric acid than in water, it soon begins to crystallize 
out of the solution. When considerable of the salt has sepa- 
rated, pour off the supernatant liquid, wash the crystals two 
or three times with concentrate hydrochloric acid, remove 
them to a watch glass, and dry them thoroughly in an air 
bath at from 100° to 110°. 

Silver chloride is almost absolutely insoluble in water, 
and also in very dilute nitric acid, but in strong nitric acid it 
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dissolves quite perceptibly; hence, a large quantity of nitric 
acid should not be added to the silver nitrate used as reagent, 
It is also slightly soluble in alkali nitrates and in silver 
nitrate; hence, a large excess of reagent should be avoided. 
The action of light slowly reduces silver chloride, and direct 
sunlight accomplishes this much more rapidly; hence, the 
precipitate should be shielded from the light as much as pos- 
sible throughout the entire process. 

The salt solution should only be gently warmed until 
precipitation is complete, as the nitric acid contained in the 
reagent will invariably expel some chlorine from a hot solu- 
tion during precipitation, thus causing too low a result. 

The solution should be stirred with a glass rod from the 
time the first of the silver nitrate is added until the precipi- 
tate settles and leaves the supernatant liquid clear, as stir- 
ring causes the precipitate to collect and settle much more 
rapidly than it would otherwise. 

The precipitate must be washed on the filter with hot water 
until all impurities are removed. As silver nitrate is usually 
the last to remain in the precipitate, we may assume that the 
precipitate is clean when this is all removed. To test for 
silver nitrate, collect 1 or 2 cubic centimeters of the wash- 
ings in a test tube, by placing it under the funnel, and add 
to this a few drops of hydrochloric acid. If a cloudiness is 
produced, it shows that silver is present, and the washing 
must be continued until the washings give no reaction with 
hydrochloric acid. A few drops of silver nitrate should 
always be added to the filtrate to make sure that all the 
chlorine has been precipitated. If this causes a precipitate, 
the addition of silver nitrate must be continued as long as a 
precipitate forms, and the precipitate thus formed must be 
added to the main precipitate. 

For handling hot crucibles, nickel crucible tongs are to be 
recommended; but, if these are not available, perfectly 
clean steel forceps may be used. 

In transferring precipitates from filter paper to watch 
glass, and from watch glass to crucible, the watch glass and 
crucible should always stand on a piece of perfectly clean 
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glazed paper, so that any particles falling upon the paper 
may be brushed into the vessel intended to receive them. 

The silver chloride always adheres to the crucible with 
greater or less persistence, and this is especially true if the 
ignition has been carried too far. To clean the crucible, 
remove the loose portion of the precipitate, place a little zinc 
in the crucible, and add some dilute sulphuric acid. The 
nascent hydrogen generated reduces the chloride, and after a 
few minutes the precipitate may be easily removed. 


TRON 


25. Determination of Iron as Oxide.— Weigh up 
accurately about 1.5 grams of ferrous ammonium sulphate 
Fe(N7,),2S0,6H,0, which has been previously dried for a 
few minutes in a desiccator if necessary, transfer it to a 
beaker, and dissolve it in 150 cubic centimeters of water 
and 1 cubic centimeter of hydrochloric acid. Heat the solu- 
tion to boiling and add concentrate nitric acid, a few drops 
at atime, until the solution assumes a clear reddish-yellow 
color, showing that the iron has been oxidized from the fer- 
rous to the ferric condition, but taking care to avoid a large 
excess of nitric acid. When oxidation is complete, add 
ammonium hydrate to the boiling liquid, drop by drop, and 
with constant stirring, until the iron is completely precipi- 
tated and the liquid remains slightly alkaline, but avoiding 
a large excess of ammonia. Continue the boiling for about 
a minute, and take care that the liquid remains slightly, but 
distinctly, alkaline. Remove the beaker from the flame, and 
as soon as the precipitate settles, pour as much of the clear 
liquid as possible through a filter, and wash the precipitate 
once or twice by decantation with hot water. Then bring 
the precipitate on to the filter, and wash it with hot water 
until 2 or 3 cubic centimeters of the washings in a test tube 
fail to give a precipitate with barium chloride. Cover the 
funnel with a piece of paper to protect the precipitate from 
dust, and stand it in an air bath, or in some warm place, to 
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dry. Remove the dried precipitate as thoroughly as possi- 
ble from the filter to a watch glass, by rubbing the sides of 
the filter together and using acamel’s-hair brush. Place the 
filter in a weighed platinum or porcelain crucible, and ignite 
it over the Bunsen burner until the carbon is completely 
burned off. After allowing it to cool, add the main precip- 
itate, and again ignite, first at a gentle heat, over the Bunsen 
burner, but finally for 10 minutes at the highest temperature 
of the blast lamp. If a blast lamp is not available, quite 
accurate results may be obtained by igniting the precipitate 
for half an hour at the highest temperature obtainable with 
2 Bunsen burner. Allow the crucible and contents to cool, 
weigh, and obtain the weight of ferric oxide /¢,O, by sub- 
tracting the weight of the empty crucible from this weight. 
The percentage of iron in the ferrous ammonium sulphate 
may be obtained by multiplying the weight of Fe,O, by 70, 
and dividing the result by the weight of sample taken; or, 
the weight of iron may be obtained from the proportion: 


PAO. Fe, = wt. PesO): 4. a= wtpot Fe 
The percentage of iron may be obtained by dividing the 
weight of iron by the weight of sample taken, and multiply- 
ing this result by 100. 


26. Notes and Precautions.—Care should be taken 
to get a sample that is dry, but has not lost water of crystal- 
lization. If the sample has been kept in a dry place, it will 
usually be ready for analysis; if damp, it should be dried ina 
desiccator for a few minutes, but the drying must be stopped 
as soon as the salt shows any change of color, and any crys- 
tals that are coated with white, or have white spots, must be 
rejected. 

Enough nitric acid must always be added to completely 
oxidize the iron, but a large excess is to be avoided. If 
the iron is not all oxidized, the ammonia will precipitate 
a mixture of ferrous and ferric compounds of unknown 
composition. 

The precipitate of ferric hydrate must be thoroughly 
washed, even if no fixed compounds are present; for, if 
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ammonium chloride remains in the precipitate, ferric chloride 
will be formed and volatilized during ignition. 

The precipitate formed when ammonia is added to a ferric 
solution is ferric hydrate, and this is changed to ferric oxide 
by ignition. Consequently, the precipitate must be heated 
to a high enough temperature to drive off the water, and the 
ignition must be continued until the water is all expelled. 
This is best accomplished by heating over the blast lamp; 
but in the absence of a blast lamp, the same end may usually 
be attained by continued heating at the highest temperature 
obtainable with a Bunsen burner. For-many of the opera- 
tions in quantitative analysis, a blast lamp is required. 


COPPER 


27%. Determination of Copper as Oxide. — Weigh 
up about 1 gram of pure crystallized copper sulphate 
CuSO,5H,O, which has been dried in a desiccator if neces- 
sary, transfer it to a porcelain dish having a capacity of about 
500 cubic centimeters, dissolve in about 250 cubic centimeters 
of water, and heat to gentle boiling. To the gently boiling 
solution, add slowly, and with constant stirring, enough 
sodium hydrate to completely precipitate the copper, taking 
care to use but a slight excess of the reagent. The precipi- 
tate at first formed is blue copper hydrate; in the boiling 
solution, however, this is changed almost immediately to 
dark brown or black copper oxide. Continue the boiling for 
5 or 10 minutes, with frequent stirring, until the precipitate 
assumes a uniform color and texture. Allow the precipitate 
to settle, decant the clear supernatant liquid through a filter, 
add hot water to the precipitate, bring it to boiling, and 
decant this through the filter. Wash again by decantation 
with hot water, and then bring the precipitate on to the filter, 
and wash thoroughly on the filter with hot water. Dry the 
precipitate, remove it as thoroughly as possible from the 
filter to a watch glass, and burn the filter in a weighed porce- 
lain crucible. After the crucible has become cool, add a. 
drop of concentrate nitric acid to the ash, and heat cautiously 
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until the residue is perfectly dry. Allow the crucible to cool, 
add the precipitate from the watch glass, cover the crucible, 
and heat over the Bunsen burner, gently at first, but gradu- 
ally raising the temperature until itis finally ignited for 5 or 
10 minutes at full redness. Cool in a desiccator, and weigh 
as copper oxide CuO. From this weight, calculate the per- 
centage of copper in the copper sulphate. The proportion 
for calculating the weight of copper is 


CuO: Cu = wt. of CuO: x 


The percentage of copper in CuO is about 79.86, and this 
factor is generally used. 


28. Notes and Precautions.—Sodium carbonate may 
be used instead of sodium hydrate to precipitate copper, and 
it is preferred by many chemists; but, if used, the boiling 
must be continued for at least half an hour, and the water 
thus evaporated must be replaced from time to time. 

Copper hydrate and copper oxide are dissolved only to a 
very slight extent by water or very dilute sodium hydrate, but 
strong sodium hydrate dissolves the precipitate quite percepti- 
bly; hence, a large excess of the reagent should be avoided. 

It frequently happens that particles of this precipitate 
adhere so tenaciously to the dish that they cannot be 
removed mechanically. In this case, dissolve the adhering 
precipitate in a few drops of nitric acid, add a few cubic 
centimeters of water, and precipitate the copper with a 
slight excess of sodium hydrate. Boil, wash well with hot 
water, as in the case of the main precipitate, filter through 
a very small filter paper, wash with hot water, dry, and 
ignite this paper and particles of precipitate adhering to it 
with the first filter paper. 

Some of the reagent is always carried down with the pre- 
cipitate, and adheres to it very persistently; but this may be 
removed by thorough washing with hot water. If the pre- 
cipitate is not thoroughly washed, some of the sodium 
hydrate will remain in it and be weighed as copper oxide, 
making the result too high. On the other hand, if the solu- 
tion is not sufficiently dilute, or if a large excess of the 
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reagent is added, the copper will not be completely precip- 
itated, and the result will be too low. But, if the directions 
given are closely followed, and care is taken, this method 
yields quite accurate results. 

If the precipitate is free from impurity, it may be ignited 
at the highest temperature obtainable with a Bunsen burner, 
without changing; but, if ignited in the presence of carbona- 
ceous matter, or of reducing gases, it is reduced quite rap- 
idly. For this reason, a drop of concentrate nitric acid is 
always added to the filter ash, to change any copper that has 
been reduced by the burning paper back to cupric oxide, and 
a cover is always placed on the crucible before ignition, to 
protect the precipitate from reducing gases. If the final 
result is too low, it is always best to add a drop of concen- 
trate nitric acid to the precipitate, and again ignite and 
weigh it, after heating carefully to drive off the excess of 
nitric acid. If this second weight is higher than the first, it 
shows that the precipitate was partly reduced, and the second 
weight should be accepted as correct. 

When heated to a very high temperature, the precipitate 
gradually loses oxygen and is partly reduced to the cuprous 
condition; hence, it should always be ignited over a Bunsen 
burner, rather than a blast lamp. If allowed to stand in the 
air, it gradually absorbs moisture and thus increases in 
weight; hence, it should always be allowed to cool in a des- 
iccator before weighing. 

Many organic compounds prevent the complete precipita- 
tion of copper as oxide; hence, after testing the filtrate with 
a few drops of the reagent used, if this produces no precipi- 
tate, and it is possible that organic matter may be present, 
it should always be tested with hydrogen sulphide after 
acidulating with hydrochloric acid. If this should produce 
a precipitate, more of the reagent is added until precipitation 
is complete. Filter and wash the precipitate, dissolve it in 
a little nitric acid, filter, precipitate the copper from the 
filtrate, filter, and ignite with the main precipitate after 
washing and drying it. Or, better still, when organic mat- 
ter is suspected, employ the following method. 
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29. Determination of Copper as Sulphide.—Weigh 
about 1 gram of pure dry copper-sulphate crystals 
CuSO, 5,0 on a watch glass, transfer them to a beaker, 
and dissolve in about 100 cubic centimeters of hot water and 
1 cubic centimeter of concentrate hydrochloric acid. Heat 
the solution to boiling, and, while keeping its temperature 
as near as possible to the boiling point, conduct through it a 
current of hydrogen sulphide, which has been generated in 
a Kipp generator and washed in water, until the copper is 
completely precipitated as black copper sulphide CuS. The 
operation is complete when hydrogen sulphide no longer 
produces a precipitate in the clear, colorless liquid above the 
precipitate. As soon as the precipitate settles, filter as rap- 
idly as possible, and with the least possible exposure of the 
precipitate to the air. Wash the precipitate on the filter 
with water containing a little hydrogen sulphide, and dry it 
in the air bath with as little delay as possible. ‘Transfer the 
dry precipitate to a watch glass, burn the filter in a Rose 
crucible,* which has previously been ignited and weighed, 
and when this has cooled, add the precipitate from the watch 


glass. Cover the precipitate with about .5 gram of pow- 
dered sulphur, cover the crucible, and lead in hydrogen 
through a porcelain tube, which just reaches through the 


#44 Rose crucible is a deep, narrow, porcelain crucible having a per 
forated cover. 
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perforation in the crucible cover, as shown in Fig. 17. Aisa 
Kipp generator, in which hydrogen is prepared by the action 
of dilute sulphuric acid on zinc; & contains concentrate sul- 
phuric acid, in which the hydrogen is washed; C is a porce- 
lain tube, which conducts the hydrogen to the crucible D. 
The flow of hydrogen should be so regulated that it passes 
through the wash bottle & at the rate of 2 or 3 bubbles per 
second. After the hydrogen has been running until the air 
has all been expelled from the apparatus, so that the crucible 
contains an atmosphere of pure hydrogen, place a Bunsen 
burner under it and heat, gently at first, but gradually 
increasing the heat, and finally igniting for 10 minutes at 
the highest temperature obtainable with a blast lamp. 
Remove the burners and allow the crucible and precipitate to 
cool while the hydrogen is passing through it. As soon as it 
is cool, remove it to the balance and weigh it; or, just before 
it is quite cold, it may be removed to a desiccator, allowed to 
become quite cold, and weighed. The high ignition in a 
current of hydrogen reduces cupric sulphide CuS to cuprous 
sulphide Cu,S; hence, the weight obtained minus the weight 
of the empty crucible is the weight of cuprous sulphide 
Cu,S. This weight multiplied by 79.86, and the product 
divided by the weight of sample taken, gives the percentage 
of copper in the sample. The proportion used to calculate 
the weight of copper is 


Cu,S: 3Cu = wien CuSisse 


30. Notes and Precautions.—This method has a num- 
ber of advantages and is preferred to the other methods by 
many chemists. Copper sulphide is almost absolutely 
insoluble in water and very dilute hydrochloric acid, and its 
formation is not prevented by the presence of organic com- 
pounds; it does not adhere to the vessel in which it is pre- 
cipitated; it collects and settles more quickly, and is filtered 
more rapidly than copper oxide. As no fixed compounds 
are introduced as reagents, it requires less washing, and if 
proper care is taken, this method yields very accurate results. 
On the other hand, the method requires great care. The 
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precipitate must be shielded from the air as much as possible, 
since the air oxidizes it tosoluble copper sulphate. For this 
reason, the determination should always be carried through 
as rapidly as possible. In washing the precipitate on the 
filter, as soon as one lot of wash water runs through, another 
lot should be added, in order to keep the precipitate from 
the air, and the wash water should always contain some pure 
hydrogen sulphide. 

In igniting the precipitate, great care must be taken to 
run the hydrogen until all the air is out of the apparatus 
before bringing the burner under the crucible. If the gen- 
erator contains air when the light is applied, it will cause an 
extremely violent explosion, which may do much damage; 
and if the air has been expelled from the generator, but 
some remains in the crucible, an explosion will be caused in 
the crucible, which is likely to break it, or at least to cause a 
loss of precipitate. In order to test the hydrogen for air, 
hold a test tube, mouth down, over the tube through which 
the hydrogen is passing until it 1s thoroughly filled, remove 
it from the jet, and, without allowing it to diffuse with the 
air, apply a light to the mouth of the tube. If no explosion 
results, we may assume that the air isall out of the generator; 
and after connecting the apparatus and running the hydro- 
gen through the crucible for several minutes, the air will all 
be expelled and the Bunsen flame may be applied. The 
precipitate must be heated gently at first, and the heat 
gradually increased until the highest power of the blast lamp 
is reached. 

In case a Rose crucible and a porcelain tube to lead the 
hydrogen through are not at hand, a common porcelain 
crucible and an ordinary clay pipe may be made to serve the 
purpose. The bowl of the pipe is fitted either over or into 
the top of the crucible as closely as possible, and the stem is 
attached to the tube leading the hydrogen from the wash 
bottle. 


31. Determination of Copper by Electrolysis. 
Weigh out about 1 gram of copper sulphate, transfer it toa 
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beaker or rather deep form, and dissolve it in about 100 cubic 
centimeters of water and from 5 to 10 cubic centimeters of 
dilute nitric acid, Connect the zinc of an ordinary crow- 
foot gravity cell A, Fig. 18, with a weighed electrode made 
by fastening a piece of platinum foil to a platinum wire, as 


shown at 4, and suspend this negative electrode in the solu- 
tion of copper sulphate, so that it does not touch the side or 
bottom of the beaker. <A rather stout platinum wire c bent 
in the form of a spiral, serves well for a positive electrode. 
It is attached to the wire leading from the copper of a second 
cell D connected with A by means of a binding screw, form- 
ing a battery, and must be suspended in the solution so that it 
does not come in contact with the negative electrode at any 
point. Add water until the solution covers the foil of the 
negative electrode and allow the solution to stand for 4 or 
6 hours. The electric current passing through the solution 
decomposes the copper sulphate and deposits the copper on 
the negative electrode, When the solution becomes colorless, 
remove a drop of it ona glass rod, and bring it in contact 
with a drop of potassium ferrocyanide, or hydrogen sulphide, 
on a porcelain plate. If no coloration is produced, the 
copper is all deposited. Have in readiness four beakers of 
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hot water, a beaker of alcohol, and an air bath heated to 
100°. Remove the negative electrode from the liquid with- 
out disconnecting, or siphon off the liquid in order to avoid 
breaking the current, until the electrode is out of the liquid. 
Quickly plunge the negative electrode, containing the copper, 
into the first beaker of water, then remove it to the second, 
third, etc., and finally wash in the alcohol. Transfer it 
quickly from the alcohol to the air bath, and allow it to 
stand there on a watch glass until dry. As soon as dry, 
allow it to cool in a desiccator, and weigh as soon as cool. 
This weight minus the weight of the electrode is equal to 
the weight of copper, which weight divided by the weight 
of copper sulphate taken for analysis and this result multi- 
plied by 100, gives the percentage of copper in the sample. 


32. Notes and Precautions.—This is an extremely 
accurate method of determining copper, and each student 
should make at least one determination by this method if 
possible. In case a platinum negative electrode such as 
described is not available, quite accurate results may be 
obtained by using a thin, perfectly clean piece of copper, 
attached to a platinum wire for a negative electrode. When 
determining copper in pure copper sulphate, but few precau- 
tions are necessary. The electric current should not be 
broken until the negative electrode is taken out of the liquid, 
for if left in the liquid after the current is broken, the acid solu- 
tion will at once begin to dissolve the copper from the elec- 
trode. The washing, drying, etc. should always be carried 
out as rapidly as possible, as the copper is oxidized in the 
air. The strength of the current is an important matter. 
The current from an ordinary gravity cell, when working 
well, can usually be made to answer the purpose. Itis usu- 
ally better, however, to connect two cells, as shown in Fig. 18, 
but too strong a current must be avoided, or the copper will 
be deposited in a loose, spongy mass, which does not adhere 
firmly to the electrode, and which oxidizes rapidly in the air. 
Some chemists use a solution containing only sulphates and 
a little free sulphuric acid for electrolysis; but with such a 
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solution, more or less arsenic or antimony, if present even in 
small quantities, will be deposited with the copper, giving 
the deposit a dark color. Nitric acid, even in very small 
amount, largely prevents such deposits, and gives a clean, 
bright surface to the precipitate, but it does not entirely pre- 
vent the precipitation of bismuth if present; and if the solu- 
tion contains nickel and zinc, they will begin to deposit as 
soon as ali the copper is down. When nitric acid is present, 
it is also necessary to use greater care in disconnecting the 
electrodes, as the nitric acid attacks the copper very rapidly 
as soon as the current is interrupted. 

Hydrochloric acid, chlorides, and organic acids are not 
admissible in solutions from which copper is to be deposited 
quantitatively by electrolysis. Ifan air bath is not at hand, 
the electrode may be placed on a watch glass and heated 
over a Bunsen burner, until the alcohol is dried off of it, but 
care must be taken in doing this not to heat the electrodes 
too strongly. 

In many cases this method is much handier than the others, 
and yields extremely accurate results. On account of its 
advantages, it has been so largely adopted in this country 
that it is frequently spoken of as the ‘‘United States 
method.” 


NICKEL 


33. Determination of Nickel as Oxide.—Weigh up 
1 gram or a trifle more of nickel-ammonium sulphate 
Ni NF,),2SO0,6H,O, which has been dried in a desiccator if 
necessary, and dissolve it in a porcelain dish in about 150 
cubic centimeters of water. Heat the solution to boiling, 
precipitate the nickel with an excess of sodium hydrate, and 
continue the boiling until the odor of ammonia has dis- 
appeared. Then add bromine water in small, successive 
quantities, with constant stirring, until the precipitate is 
completely black and of a uniform texture. Care must be 
taken to keep the solution slightly alkaline all the time 
during this operation. Allow the precipitate to subside, 


QUANTITATIVE ANALYSIS, PART 1 43 


decant the clear liquid through a filter, and wash three or 
four times by decantation with hot water, bringing to boiling 
after each addition of water, and allowing the precipitate to 
settle before decanting. Then bring the precipitate on to 
the filter, and wash with hot water until a test of the wash- 
ings does not give an alkaline reaction with litmus paper. 
Dry the precipitate, remove it to a watch glass, burn the 
filter in a weighed crucible, add a drop of nitric acid to the 
residue, evaporate this to dryness, add the main precipi- 
tate, ignite strongly, cool in a desiccator, and weigh as 
nickel oxide N7O,: which contains 78.57 per cent. of nickel, 
if we take Vz = 58.8,and O = 16. The proportion for cal- 
culating the weight of nickel is 
NGO SING == WU ROL VO 

Instead of weighing as oxide, we may burn the filter ina 
weighed Rose crucible, add the main precipitate, lead in a 
current of pure hydrogen, ignite in the hydrogen, as in the 
case of copper sulphide, and weigh as metallic nickel. This 
method gives very good results, and is useful in checking the 
results obtained by weighing the nickel as oxide. It was 
largely used at one time, but at present it seems to have fallen 
into disuse. 


34. Notes and Precautions.—Enough sodiuni hydrate 
should be added to completely precipitate the nickel and 
still have enough left in the solution to keep it alkaline when 
the bromine water is added, but a large excess should be 
avoided, as it is more difficult to wash it out of the precipi- 
tate if a large excess is present. The precipitate is soluble 
in ammonia or ammoniuin salts, but is reprecipitated by 
sodium hydrate after the ammonia has been expelled by the 
sodium hydrate. For this reason, the boiling should always 
be continued until all the ammonia is expelled before adding 
the bromine water. The precipitate at first formed, when 
sodium hydrate is added to the nickel solution, is apple-green 
nickel hydrate Wi(OH),. This is oxidized to W7(O/7), by 
the bromine water, and this in turn is changed to W7O when 
highly heated. The precipitate carries down some of the 
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reagent with it, and this can only be completely removed by 
very thorough washing with hot water. The oxide is not 
changed by heating in the air, unless a reducing agent, such 
as carbonaceous matter or reducing gases, is present, but it 
is readily reduced to metallic nickel if ignited in an atmos- 
phere of hydrogen. 


35. Determination of Nickel by Electrolysis.— Dis- 
solve about 1 gram of nickel-ammonium sulphate in about 
100 cubic centimeters of water in a beaker of rather deep 
form. Make the solution strongly alkaline with ammonia 
and pass an electric current through it, exactly as in the case 
of copper, until the solution is colorless, and a drop of it, 
when removed to a white plate on a glass rod and mixed 
with a drop of ammonium sulphide, gives no coloration. 
Disconnect the negative electrode, wash in hot water and 
alcohol, as in the case of copper, dry, and weigh quickly. 
This weight minus the weight of the electrode gives the 
weight of the nickel, which weight divided by the weight 
of the sample taken and this result multiplied by 100, gives 
the per cent. of nickel in the sample. 


36. Notes and Precautions.—For practice, the same 
electric current that was used for copper may be used for 
nickel, but if many nickel determinations are to be made by 
this method, a stronger current should be used. The current 
furnished by a battery of three cells is usually recommended. 
As the nickel is deposited, the action of the current grows 
slower, and the thicker the coating of nickel, the slower it 
becomes, so that with a rather weak current, the last traces 
of nickel are deposited only after long treatment. This 
peculiarity is particularly marked with cold solutions, and it 
is now generally recommended to heat the solution to 60° or 
70° while passing the electric current through it. If the 
solution is thus heated, ammonia must be added from time 
to time to take the place of that driven off by the heat. 
The washing, drying, and weighing should be performed as 
quickly as possible, as in the case of copper. The nickei may 
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be dissolved off a platinum electrode very readily by nitric 
acid, unless it is heated too highly in drying, in which case 
it can only be removed with difficulty. The solution to be 
treated should not contain chlorides, or other metals precipi- 
tated by hydrogen, or ammonium sulphide. The nickel 
should be in the form of a double sulphate, nitrate, or oxa- 
late of nickel and ammonium, and the solution should always 
contain an excess of ammonia. If the solution contains 
cobalt or zinc, even in minute quantities, these metals will 
be deposited with the nickel, giving too high a result. 


LEAD 


3%. Determination of Lead as Sulphate.—Dissolve 
from .7 tol gram of lead nitrate in from 75 to 100 cubic 
centimeters of water. Heat the solution moderately and 
precipitate the lead by adding a slight excess of dilute sul- 
phuric acid, while the solution is being stirred continuously. 
To this mixture add an equal volume of pure alcohol, stir 
well, and stand it aside for at least 3 or 4 hours for the pre- 
cipitate to collect and settle. Decant the clear liquid through 
a filter and wash the precipitate twice by decantation with 
alcohol of about half strength. Then bring the precipitate 
on to the filter and wash it with alcohol of the same strength 
until the washings give no precipitate with barium chloride. 
Dry the precipitate and remove it as completely as possible 
from the filter to a watch glass. Burn the filter in a weighed 
porcelain crucible, and after it has become cool, add a drop 
of concentrate nitric acid, and then a drop of sulphuric acid 
to the residue, and evaporate the excess of acid at a gentle 
heat. After the crucible has become cool, add the main 
precipitate, cover the crucible, and heat to low redness for 
5 minutes over the Bunsen burner, Allow the crucible and 
contents to cool in a desiccator and weigh as lead sulphate 
PbSO,, which contains 68.32 per cent. of lead. The propor- 
tion for calculating the weight of lead is 


EDSO, 2 LOW tmOnLOSO, + x# 
ILT 17C—17 


46 QUANTITATIVE ANALYSIS, PART 1 


38. Notes and Precautions.—Lead sulphate is very 
slightly soluble in pure water, but more soluble in water 
containing ammonium salts or nitric acid. It is less soluble 
in water containing a little free sulphuric acid than in pure 
water; hence, in cases where alcohol cannot be added to the 
mixture, a slight excess of sulphuric acid should be used in 
precipitating the lead, and a few drops of sulphuric acid 
should be added to the wash water; but, after washing thor- 
oughly with this mixture, all the free sulphuric acid should 
be washed out of the precipitate and filter with dilute alcohol 
before they are dried. Lead sulphate is almost absolutely 
insoluble in common alcohol; hence, wherever it is admis- 
sible, absolute alcohol should be added to the liquid contain- 
ing the precipitate, and the precipitate should be washed 
with dilute alcohol. This, however, cannot be done when 
other elements are to be determined in the filtrate. Lead 
sulphate may be heated to low redness in the air without 
decomposition, provided reducing agents are absent, but in 
the presence of reducing agents, it is reduced partly to sul- 
phide and partly to the metallic state. For this reason, a 
drop or two of nitric acid should always be added to the 
ash remaining in the crucible when the filter is burned, to dis- 
solve any precipitate that may have adhered to the filter and 
was reduced when it was burned; to convert this into sul- 
phate, a drop of sulphuric acid is added. The precipitate is 
also decomposed by reducing gases; hence, the crucible 
should always be covered before heating, and as the danger 
of decomposition is greater at high temperatures than at 
lower ones, the crucible should be heated only to low red- 
ness. 

Some chemists prefer to weigh the precipitate without 
ignition. To do this, precipitate the lead as sulphate in the 
manner described above, and while it is collecting and set- 
tling, fold a filter so that it will fit a funnel, heat it in an air 
bath at 110° for 1 hour, and weigh between a pair of matched 
watch glasses, held together by a clip, as shown in Fig. 19. 
Place this filter in a funnel, filter the liquid through it, 
wash the precipitate with alcohol as already described, 
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dry the precipitate, and filter in the air bath at 110°, and 
again weigh between the watch glasses. The increase in 
weight is the weight of the lead sulphate. 


39. Determination of Lead as Oxide.—Dissolve 
about 1 gram of lead nitrate in about 100 cubic centimeters 
of water, heat gently, and precipitate the lead as carbonate 
by a slight excess of ammonium carbonate, added slowly 
and with constant stirring. Adda few drops of ammonium 
hydrate, stir well, continue the heat for a few minutes, 
taking care that the mixture does not approach the boiling 
point very closely, and then stand it aside until the solution 
is cool and the precipitate has collected and settled. Filter, 
and wash well on the filter with freshly distilled water. 
Dry in the air bath, remove the precipitate as completely as 
possible from the filter to a watch glass, and burn the filter 
in a weighed porcelain crucible. After the crucible has 
become cool, moisten the ash with a drop or two of nitric 
acid, evaporate the acid, ignite gently, and allow the cruci- 
ble to cool. Then add the precipitate and ignite, very 
gently at first, but gradually raising the temperature until 
the crucible is heated to duil redness, and keep it at this 
temperature for 5 or 10 minutes. Allow it to cool in a 
desiccator and weigh. Then ignite again for 5 minutes at 
a dull-red heat and cool and weigh again. If this weight is 
less than the first weight obtained, the precipitate must be 
ignited again, and this must be continued until a constant 
weight is obtained. This weight minus the weight of the 
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crucible is the weight of lead oxide P40, which contains 
92.83 per cent. of lead. The proportion for calculating the 
weight of lead in the oxide is 

PUO : Pe = wt. of 70Cren 


40. Notes and Precautions.—Normal lead carbonate 
is very slightly soluble in perfectly pure water, but dissolves 
quite perceptibly in water containing ammonium salts or 
carbonic acid; hence, pure, recently distilled water should 
be used in washing it. When ignited at a low red heat, it 
gives off carbon dioxide and is converted into lead oxide. 
This lead oxide is a lemon-yellow compound, which becomes 
reddish yellow without change of weight when ignited to 
dull redness. It fuses at a bright-red heat and volatilizes 
when intensely ignited. It is reduced to metallic lead when 
heated in the presence of reducing agents; hence, the filter 
ash must always be treated with a drop or two of nitric acid, 
to replace the oxygen removed from the particles of the pre- 
cipitate that adhered to the filter. The nitric acid changes 
the particles of metallic lead into nitrate, which, like the 
carbonate, is converted into oxide by gentle ignition. The 
results obtained by this method are generally a trifle low, 
owing to the fact that lead carbonate dissolves slightly in 
water, especially in the presence of ammonium salts. 


SILVER 

41. Determination of Silver as Chloride.—Weigh 
out about .5 gram of pure dry silver nitrate, and dissolve it 
in a beaker in about 100 cubic centimeters of water and 
from 5 to 10 cubic centimeters of dilute nitric acid. Heat 
the solution gently—from 50° to %5°—and add a dilute 
solution of hydrochloric acid in small successive portions, 
with constant stirring, till it ceases to produce a precipitate. 
Gradually raise the temperature until the liquid begins to 
boil, and continue to heat it nearly to boiling, and stir 
frequently, until the precipitate collects and settles rap- 
idly, leaving the supernatant liquid clear. As soon as the 
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precipitate has settled, decant the clear liquid through a filter. 
Add hot water and a few drops of dilute nitric acid to the 
precipitate, heat nearly to boiling, allow the precipitate to 
settle, filter, using the paper through which the clear liquid 
was decanted, and wash thoroughly with hot water. Dry 
the precipitate thoroughly, remove it as completely as pos- 
sible to a watch glass, and burn the filter in a weighed 
porcelain crucible. After the crucible has become cool, add 
2 or 3 drops of nitric acid to the filter ash, and heat gently 
to dissolve any particles of metallic silver that may have 
been reduced by the burning paper. Then add 2 drops of 
concentrate hydrochloric acid, heat gently to drive off the 
excess of acid, and ignite the residue very gently. After the 
crucible has become cool, add the main precipitate, and heat 
gently with the cover on the crucible until the precipitate 
just begins to fuse around the edges. Remove the burner, 
cool in a desiccator, weigh as silver chloride, and calculate 
the percentage of silver. The nercentage of silver in silver 
chloride is generally given as 75.27. The proportion for the 
calculation of the weight of silver is 


ASCE PA = wt. Of Ae? v7 


42. Notes and Precautions.—Arts. 23 and 24 should 
be read in connection with this determination. The precip- 
itate is the same as the one obtained in the determination of 
chlorine and should be treated in a similar manner. The 
determination of chlorine, however, is rather easier than the 
determination of silver, as the precipitate collects and settles 
much more readily in the presence of silver nitrate than in 
the presence of hydrochloric acid. This difficulty is largely 
overcome, however, by having a little free nitric acid present 
and by continued stirring. A large amount of nitric acid 
should be avoided, and a large excess of hydrochloric acid 
should not be added, as either of these acids, when present 
in considerable quantity, dissolve more or less of the precip- 
itate. The same care must be taken to protect the precipi- 
tate from the light that was necessary in the determination 
of chlorine, but the silver may be precipitated from a much 
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warmer solution than the chlorine, as there is no danger of 
loss by volatilization at this point. Care must be exercised 
in igniting the precipitate, however, as silver chloride vola- 
tilizes easily and is reduced by a strong heat. 


43. Determination of Silver as Sulphide or as 
Metallic Silver.—Dissolve about .5 gram of pure dry silver 
nitrate in about 150 cubic centimeters of water, to which 
from 3 to 5 cubic centimeters of dilute nitric acid are added, 
and through this solution lead a current of pure, washed 
hydrogen sulphide, until the silver is completely precipitated 
as black silver sulphide. Filter as quickly as possible and 
wash with hot water on a filter which has been dried and 
weighed as previously directed. Dry the filter and precipi- 
tate in an air bath at 105°, until a constant weight is obtained, 
and weigh between matched watch glasses. If the work is 
properly done, the precipitate will be Ag,S, which contains 
87.09 per cent. of silver, ‘The proportion for calculating the 
weight of silver is 

AGS VAP eee SOLA Sie 7 

Unless great care is taken in this determination, the pre- 
cipitate is likely to contain free sulphur, thus yielding too 
high a result. For this reason, unless the operator is cer- 
tain that the precipitate does not contain free sulphur, it is 
best to treat it as follows: After washing on the filter 
with hot water, dry the precipitate as usual, remove it as 
completely as possible to a watch glass, and burn the filter 
in a weighed Rose crucible. When the crucible has become 
cool, add the precipitate, cover the crucible, lead in hydro- 
gen, and ignite over the Bunsen burner at a moderate tem- 
perature for 15 minutes. Remove the burner, but continue 
the current of hydrogen until the crucible and precipitate 
are cool, and weigh at once, Then lead in hydrogen, ignite 
again for 5 minutes, cool ina current of hydrogen, and weigh 
again. If the second weight is less than the first, the ignition 
in hydrogen must be repeated until a constant weight is 
obtained. The precipitate is now metallic silver, and the 
weight of it divided by the weight of the sample taken and 
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this multiplied by 100, gives the percentage of silver in the 
sample. If the silver is weighed as sulphide, it is a good 
plan, after weighing, to reduce it to metallic silver as just 
described, and weigh again. This gives a good check on 
the work. 


44, Notes and Precautions.—The solution from which 
the silver is precipitated as sulphide should contain a little 
nitric or sulphuric acid (preferably nitric) or the precipitate 
will not collect and settle rapidly ; but a large amount of 
free acid must be avoided, as it is likely to decompose the 
hydrogen sulphide, setting free some of the sulphur, which 
would give too high a result if the silver were weighed as 
sulphide. The precipitate is almost absolutely insoluble in 
water and very dilute acids, but dissolves to a greater or less 
extent in stronger acids. Asasolution of hydrogen sulphide 
is decomposed by the action of the air, the solution should be 
protected from the air as much as possible during precipita- 
tion. This is best accomplished by covering the beaker with 
a watch glass having a perforation in the center, and passing 
the tube which conducts the hydrogen sulphide into the 
solution through this perforation. Then, by leading a 
rather rapid current of hydrogen sulphide (5 or 6 bubbles 
per second) through the solution, the air will be expelled 
from the top of the beaker, and the surface of the liquid will 
be protected by the hydrogen-sulphide gas that fills the 
upper part of the beaker. Filtration should be accomplished 
as rapidly as possible, to avoid exposure to the air, and the 
precipitate should be washed without delay. If the silver is 
to be weighed as sulphide, the method of weighing described 
in Art. 38 should be used. If it is weighed as metallic sil- 
ver, the method of ignition described in Art. 29 should be 
followed and the precautions mentioned in Art. 30 should 
be observed. Free sulphur is not added in this case, as the 
object of the ignition is to expel the sulphur, and the precip- 
itate must not be heated over the blast lamp, but only ata 
moderate temperature over the Bunsen burner. These 
methods, when properly executed, give accurate results, but 
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as such great care is required in determining silver as sul- 
phide, and as the method of weighing it as metallic silver is 
rather long and troublesome at best, the determination as 
chloride is used much more largely than either of these. 


MAGNESIUM 


45. Determination of Magnesium as Pyrophos- 
phate.—Dissolve 1 gram, or a trifle more, of magnesium. 
ammonium sulphate Me(V//,) 2S0,:6H,0 in about 100 cubic 
centimeters of water, add from 5 to 10 drops of hydrochloric 
acid, 5 cubic centimeters of ammonium chloride, and then 
ammonium hydrate in slight excess. If this produces a 
precipitate, dissolve it in a little hydrochloric acid and again 
render the solution slightly alkaline with ammonia. Should 
a precipitate again separate, it shows that the solution does 
not contain a sufficient quantity of ammonium chloride to 
prevent the precipitation of magnesium hydrate, and solu- 
tion in hydrochloric acid and subsequent treatment with 
ammonia must be continued until a clear alkaline solution 
is obtained. Then add a solution of sodium-ammonium 
phosphate (microcosmic salt) in small successive portions 
until the solution contains a moderate excess of the pre- 
cipitant, stirring the solution after each addition of a few 
drops of the reagent, until the precipitate, which is white 
and flocculent at first, assumes a silky, crystalline appear- 
ance, but taking care not to let the stirring rod strike the 
side or bottom of the beaker. After all the magnesium is 
precipitated and a moderate excess of the reagent has been 
added, add 25 cubic centimeters of concentrate ammonia, 
and stand the beaker and contents in a cool place for 5 or 
6 hours, for the precipitate to collect and settle. Filter and 
wash thoroughly, but not too long, on the filter, with a solu- 
tion containing 1 part of concentrate ammonia and 4 parts0 Vi. 
of water. The washing is complete when silver nitrate fails ¢ H a 
to produce a precipitate, or produces only a slight opales- ao 
cence, in a small test of the washings, after acidulating 
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with nitric acid. Dry the precipitate thoroughly, remove it 
as completely as possible to a watch glass, and burn the 
filter in a weighed porcelain crucible. When the crucible 
becomes cool, add the precipitate and heat gently over the 
Bunsen burner at first, but gradually raise the temperature, 
and finally heat to full redness for 10 minutes, cool in a 
desiccator, and weigh. If the precipitate is not quite white, 
add a few drops of concentrate nitric acid, evaporate the 
acid at a gentle heat, and then raise the temperature to 
bright redness for 5 minutes. Cool in a desiccator and 
weigh as magnesium pyrophosphate J7g,P,O,, which con- 
tains 21.62 per cent. of magnesium. The weight of mag- 
nesium may be calculated by the proportion 


Me POMP Mga nts Of MeO ae 


46. Notes and Precautions.—Magnesium-ammonium 
phosphate is slightly soluble in pure water, but is much less 
soluble in a dilute solution of ammonia; hence, ammonia 
should always be added after adding the reagent, and the 
precipitate should always be washed with water containing 
ammonia. The precipitate dissolves more readily in water 
containing ammonium chloride than in water containing only 
ammonium hydrate, but ammonium chloride should be pres- 
ent to prevent precipitation of magnesium as hydrate. The 
precipitate separates more rapidly and completely in the 
cold than when heated; hence, precipitation and filtration 
should be performed in the cold, and the precipitate should 
be washed with a cold solution. Stirring also promotes the 
formation of the precipitate, and the solution should be 
thoroughly stirred while the precipitant is added, in order 
to secure a crystalline precipitate, but care must be taken 
not to allow the stirring rod to touch the side or bottom of 
the beaker, or it will break some of the crystals on the glass, 
leaving particles of the precipitate adhering so tenaciously 
to the glass as to make it very difficult to remove them. 
When ignited, the magnesium ammonium phosphate is 
changed to magnesium pyrophosphate. An experienced 
chemist may ignite the precipitate in a platinum crucible 
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without danger, if he is careful, but itis better to use a porce- 
lain crucible, for when this precipitate is ignited in plati- 
num in the presence of the carbon of the filter paper, the 
phosphorus tends to unite with the platinum, forming plati- 
num phosphide and rendering the crucible brittle. The 
precipitate is usually ignited over a blast lamp, but in the 
absence of a blast lamp, a Bunsen burner may be made to 
serve the purpose. In this case, however, the precipitate 
should be heated at the highest temperature obtainable for 
at least 15 minutes, and a constant weight must be obtained. 


MANGANESE 


4%. Determination of Manganese as Pyrophosphate. 
Dissolve about 1 gram of manganese-ammonium sulphate 
Mn(NA,),2S0,,6/7,O0 in 100 cubic centimeters of water and 
precipitate the manganese as manganese-ammonium phos- 
phate by adding a solution of sodium-ammonium phosphate, 
using at least double the quantity of the reagent required to 
unite with the manganese. Dissolve the precipitate in a 
slight excess of hydrochloric acid, heat the solution to boil- 
ing, and reprecipitate the manganese-ammonium phosphate 
by adding ainmonium hydrate, a few drops at a time, and 
stirring after each addition, until the precipitate, which is 
white and curdy at first, assumes a silky crystalline appear- 
ance. When the manganese is completely precipitated and 
the precipitate has become crystalline, add 5 cubic centi- 
meters of dilute ammonia, stir well, stand in a warm place 
for half an hour, and then stand in a cold ,place for 1 or 2 
hours, until the precipitate collects and settles. When the 
precipitate has completely settled, and the liquid has become 
cold, filter and wash on the filter with a solution containing 
5 cubic centimeters of dilute ammonia and5 grams of ammo- 
nium nitrate in 100 cubic centimeters of water. The precipi- 
tate should be thoroughly, but not excessively, washed. 
Dry the precipitate thoroughly, remove it as completely as 
possible to a watch glass, and burn the filter in a weighed 
porcelain crucible. When the crucible becomes cool, add the 
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precipitate and again ignite, gently at first, but finally at 
bright redness, until a constant weight is obtained, Ten 
minutes’ ignition at the full power of the’ blast lamp will be 
sufficient. Allow the crucible and contents to cool in a 
desiccator, and weigh as manganese pyrophosphate Mn, POF 
which contains 38.73 per cent. of manganese. The weight 
of manganese may be calculated by the proportion 


Mint Oi ven Of MaP iON ssa: 


48. Notes and Precautions.—Manganese-ammonium 
phosphate is very slightly soluble in hot water, but less solu 
ble in cold water. A small amount of ammonia in water 
appears to diminish its solubility, but it dissolves quite per- 
ceptibly in a large amount of ammonia. A moderate amount 
of ammonium nitrate does not. seem to affect the solubility 
of the precipitate, but is added to furnish oxygen to help 
burn the filter paper, which is often very difficult to burn in 
this case unless an oxidizing agent is present. Asammonium 
nitrate is easily decomposed and volatilized by heat, its pres- 
ence can do no harm. The precipitate should always be 
obtained in the crystalline form, and this is best accomplished 
by precipitating slowly and stirring well, as directed above; 
but the crystalline precipitate may also be obtained by adding 
an excess of ammonia at once and continuing the boiling 
for 15 or 20 minutes, while the mixture is stirred continuously. 
The solution has a great tendency to bump when treated this 
way, even if stirred without interruption. If the bumping 
is so violent that there is danger of loss, the liquid must be 
heated nearly to the boiling point (preferably on a water 
bath) for 2 or 3 hours and stirred frequently. When using 
this method, care must be taken to keep the solution alkaline 
all the time. The ammonia will be driven off by the heat, 
and a few drops of dilute ammonia must be added from time 
to time, taking care not to add a large excess. In the 
presence of a large excess of ammonia or ammonium com- 
pounds, the precipitate dissolves to a considerable extent if 
only a slight excess of the reagent is present, but this is 
largely overcome by adding a large excess of the precipitant. 


56 QUANTITATIVE ANALYSIS, PART 1 


The precipitate seems most insoluble when from two to three 
times the quantity of reagent required by calculation is 
present. 

When ignited, the manganese-ammonium phosphate 
MnNH,PO, is changed to manganese pyrophosphate 
Mn,P,O, Vf ignited too strongly at first, the escaping 
gases are liable to carry particles of the precipitate with 
them; hence, the precipitate should be ignited gently at 
first and the temperature gradually raised to full redness. 
The precipitate is generally ignited over the blast lamp, but 
continued ignition at the highest temperature obtainable 
with a good Bunsen burner serves to convert the precipitate 
into pyrophosphate. 


CALCIUM 


49. Determination of Calcium as Oxide.—Weigh 
out about .5 gram of pulverized calcium carbonate that has 
been dried in an air bath and cooled in a desiccator, transfer 
it toa beaker of rather deep form, and cover the beaker with 
a watch glass. Draw the watch glass slightly to one side 
and add dilute hydrochloric acid, a little at a time, until the 
sample is dissolved, avoiding a large excess of acid, and 
placing the watch glass back over the beaker after each 
addition of acid, to prevent loss by spattering. Add about 
100 cubic centimeters of water, heat to boiling, add 10 cubic 
centimeters of ammonia, and precipitate the calcium with a 
moderate excess of ammonium oxalate. Continue the boil- 
ing, with constant stirring, for a minute or two. Then 
stand the beaker in a warm place for at least 4 hours, and 
longer if necessary, for the precipitate to collect and settle 
perfectly, leaving the supernatant liquid clear. Decant the 
clear liquid through a filter, leaving the precipitate in the 
beaker. Add about 100 cubic centimeters of hot water and 
a few cubic centimeters of dilute ammonia, stir well, 
and stand in awarm place until it settles again. Now 
filter and wash well on the filter with hot water containing 
1 or 2 cubic centimeters of concentrate ammonia in 100 cubic 
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centimeters. Dry the precipitate, remove it as completely 
as possible to a watch glass, and burn the filter in a weighed 
platinum crucible. Add the precipitate and again ignite, 
gently at first, but gradually raise the temperature, and 
finally heat for 20 minutes at the highest power of the blast 
lamp. Allow the crucible and contents to cool in a desiccator 
and weigh without delay. Then moisten the precipitate with 
a drop or two of water, heat gently to evaporate the water, 
and then ignite for 5 or 10 minutes at the highest temper- 
ature obtainable witha blast lamp. Cool in a desiccator, and 
weigh as soon as cool. This weight should be the same 
as the first. If the precipitate has lost weight during the 
ignition, it must be reignited until a constant weight is 
obtained. The precipitate is now CaO, which contains 71.43 
per cent. of calcium. The weight of calcium may be calcu- 
lated by the proportion 


CaO: Ca = wt. of CaO: x 


50. Notes and Precautions.—Calcium oxalate CaC,O, 
is a white crystalline powder, which is almost absolutely 
insoluble in water or dilute solutions of the alkalies, but is 
very soluble in acids. Even oxalic and acetic acids dissolve 
considerable quantities of it. The precipitate separates most 
rapidly and completely from a hot solution containing a 
decided excess of ammonia; hence, such a solution is nearly 
always employed, and the wash water is generally made 
slightly ammoniacal to prevent the possibility of a free acid 
coming in contact with the precipitate, but if the water is 
absolutely free from acid, this is unnecessary, as the calcium 
oxalate is so nearly insoluble in pure water. 

When calcium oxalate is ignited, it gives off carbon mon- 
oxide at a dull-red heat, forming calcium carbonate; at a 
little higher temperature, carbon dioxide begins to escape, 
and calcium oxide is formed, but all the carbon dioxide is 
expelled only by continued intense ignition. The calcium 
oxide obtained by ignition should be quickly weighed as soon 
as cool, for it absorbs moisture and carbon dioxide from the 
air if allowed to stand. This absorption is not rapid enough 
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to interfere with the weighing, if it is done promptly. This 
method yields very accurate results. 


51. Determination of Calcium as Sulphate.—Pre- 
cipitate the calcium as oxalate and dry the precipitate as 
previously directed. Remove the precipitate as completely 
as possible to a watch glass, burn the filter in a porcelain 
crucible, and, after cooling, add the precipitate. Now add 
concentrate sulphuric acid to the precipitate, drop by drop, 
until it is thoroughly moistened, but avoid much excess of 
acid. Heat the crucible cautiously, until the swelling of the 
mass subsides and white fumes of SO, cease to be driven off. 
Then raise the temperature and heat the crucible to a cherry 
red for 5 minutes over the Bunsen burner. Cool in a desic- 
cator and weigh as calcium sulphate CaSO,, which contains 
29.41 per cent. of calcium. 


52. Notes and Precautions.—The determination of 
calcium as oxide is preferable to the sulphate method when- 
ever it can be employed, as it is simpler and there is not so 
much danger of error; but if a blast lamp is not available, 
the oxide method cannot be used, and it is difficult to obtain 
heat enough to change the oxalate to oxide in a porcelain 
crucible, even with a blast lamp. In the absence of a blast 
lamp and a platinum crucible, the sulphate method may be 
used, and if properly executed, will yield accurate results; 
but great care should be exercised when using it. When the 
precipitate is heated with sulphuric acid, it swells up and 
particles are liable to be lost if great care isnot taken. There 
is also danger of loss of precipitate when evaporating the 
excess of sulphuric acid. The best way to do this is to hold 
the burner in the hand and allow the flame to strike the 
crucible (which should always be covered during this oper- 
ation) only near the top until most of the excess of acid is 
expelled; then gradually heat the lower part of the crucible 
also, and slowly raise the temperature until the crucible 
becomes quite red. Calcium sulphate should never be ignited 
over the blast lamp, as it is partly reduced to sulphide by 
strong ignition, 
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BARIUM 


53. Determination of Barium as Sulphate.—Dissolve 
from .6 to 1 gram of barium chloride BaC/,2H,0 in 100 to 
150 cubic centimeters of water, add 1 cubic centimeter of 
dilute hydrochloric acid and 5 cubic centimeters of ammo- 
nium chloride, and heat the solution to boiling. Then pre- 
cipitate the barium as sulphate by adding dilute sulphuric 
acid, drop by drop, while the solution is being stirred con- 
tinuously. When precipitation is complete, continue the 
boiling for a few minutes and stir the solution without inter- 
ruption as long as it is boiling. Then stand it in a warm 
place until the precipitate has thoroughly settled and the 
supernatant liquid is clear. Decant the clear liquid through 
a filter, add about 100 cubic centimeters of hot water and a 
few drops of dilute sulphuric acid, heat to boiling, allow the 
precipitate to settle, and again decant the clear liquid through 
the filter. Repeat this washing with hot water and a few 
drops of sulphuric acid, and then wash once by decantation 
with hot water alone. Then wash the precipitate on to the 
filter, and continue the washing on the filter with hot water 
until a small test of washings does not assume a milky 
appearance when treated with barium chloride. Dry the 
precipitate thoroughly, remove it to a watch glass, and burn 
the filter in a weighed porcelain crucible. To the ash in 
the crucible add a drop of fuming nitric acid or of concen- 
trate sulphuric acid, and heat cautiously to drive off the 
excess of acid. When the crucible has become cool, add the 
main precipitate and ignite for 10 minutes at a rather low 
red heat over a Bunsen burner. Cool in a desiccator and 
weigh as barium sulphate SaSO,, which contains 58.80 per 
cent. of barium. 


54, Notes and Precautions.—Barium sulphate is a 
heavy, fine, white powder, which is almost absolutely insoluble 
in pure water (more than 400,000 parts of pure water are 
required to dissolve 1 part of the salt). The precipitate is 
much more soluble in dilute acids; hence, the solution 
should not contain a large amount of free hydrochloric acid, 
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and a large excess of the precipitant should be avoided. 
The precipitate has a tendency to creep up the sides of the 
beaker unless free hydrochloric acid is present, and if pre- 
cipitated from a cold solution that does not contain free 
hydrochloric acid or ammonium chloride, more or less of the 
precipitate is almost certain to pass through the filter. The 
precipitate collects and settles more rapidly from hot solu- 
tions containing these compounds, and in consequence is 
always precipitated from such solutions. Magnesium chlo- 
ride, nitrates, and especially citrates, of the alkalies, and some 
other compounds tend to prevent the complete precipitation 
of barium as sulphate; hence, solutions from which barium 
is to be precipitated as sulphate should be as free as pos- 
sible from such compounds. The greatest objection to the 
determination of barium as sulphate is the tendency of the 
precipitate to carry other substances with it. Salts of the 
alkalies and alkaline earths and basic compounds of iron, 
aluminum, and chromium, if present in the solution, are 
carried down with the precipitate and can only be removed 
from it by patient, careful treatment. The method of wash- 
ing the precipitate described in Art. 53 will generally 
remove nearly all these impurities, but the last traces 
can only be removed with the greatest difficulty. Various 
methods of freeing the precipitate from basic salts of iron 
have been proposed. Probably as good a way as any to 
accomplish this is to add concentrate hydrochloric acid to 
the precipitate, after decanting the supernatant liquid, boil 
off most of the excess of acid, dilute with a large quantity 
of water, allow the precipitate to settle, and filter. This 
treatment, however, will seldom be necessary if the barium 
is precipitated from a solution containing free hydrochloric 
acid and the precipitate is washed as directed in the prece- 
ding article. 

Barium sulphate is partially reduced to sulphide when 
strongly ignited, or when ignited at a lower temperature in 
the presence of a reducing agent; hence, the precipitate 
should only be ignited at a moderate temperature over the 
Bunsen burner. For this reason also, the filter ash should 
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always be moistened with a drop of fuming nitric acid or 
concentrate sulphuric acid, to change back to sulphate the 
particles of precipitate that always adhere to the filter and 
are reduced to sulphide. 


55. Determination of Barium as Carbonate.—Dis- 
solve about 1 gram of pure barium chloride in about 100 cubic 
centimeters of water and 1 cubic centimeter of concentrate 
hydrochloric acid. Render the solution strongly alkaline 
with ammonia, heat it nearly to boiling, and precipitate the 
barium as carbonate with a slight excess of ammonium car- 
bonate, adding the reagent slowly while the solution is being 
constantly stirred. Stand the beaker and contents in a warm 
place 5 or 6 hours for the precipitate to coliect and settle. 
Decant the clear liquid through a filter, and wash once by 
decantation with water containing a little ammonia and 
ammonium carbonate. Then wash on the filter with water 
containing a little ammonia until a test of the washings, 
after being acidulated with nitric acid, does not give a pre- 
cipitate with silver nitrate. Dry the precipitate, remove it 
to a watch glass, and cautiously burn the filter in a weighed 
porcelain crucible. Add the precipitate as soon as the cru- 
cible is cool and ignite at a low red heat for 10 minutes over 
the Bunsen burner. Cool the crucible and precipitate in a 
desiccator and weigh as barium carbonate BaCO,, which 
contains 69.54 per cent. of barium. 


56. Notes and Precautions.—When ammonium car- 
bonate is added to a barium solution, barium carbonate sep- 
arates as a white amorphous precipitate, which very soon 
changes to a crystalline powder. The precipitate is slightly 
soluble in pure water, and dissolves much more readily in 
water containing carbonic acid or ammonium chloride. 
This solubility, however, is largely overcome by adding 
ammonia to the solution. The precipitate is less soluble in 
hot than in cold water, and is almost absolutely insoluble in 
water containing ammonia and ammonium carbonate. The 
precipitation of barium as carbonate is hindered by the 
presence of citrates or metaphosphates of the alkalies. 

ILT 17C—18 
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Barium carbonate, when precipitated from solutions con- 
taining magnesium, is liable to carry down some magnesium 
carbonate with it, and salts of the alkalies are also carried 
down to a certain extent; hence, when precipitated from 
solutions containing these metals, the precipitate should be 
thoroughly washed. It remains unaltered in the air, even 
when heated to low redness, but at a higher temperature it 
begins to give off carbon dioxide and gradually changes to 
barium oxide. It is very difficult to change the precipitate 
completely to oxide, hence it is seldom, if ever, weighed as 
such, The results obtained by this method are usually a 
trifle low, but are sufficiently accurate for ordinary purposes. 


ALUMINUM 


5%. Determination of Aluminum asOxide.— Dissolve 
from 1 to 1.5 grams of potassium alum A/K 2S0,:12H,0 
in from 100 to 150 cubic centimeters of water, depending on 
the weight of sampletaken. Add 1 cubic centimeter of con- 
centrate hydrochloric acid and 10 cubic centimeters of 
ammonium chloride, heat to boiling, and precipitate the alu- 
minum with dilute ammonia, added in very slight excess 
while stirring the solution continuously. When the precipi- 
tation is complete, remove the solution immediately from the 
flame and stand it in a warm place for the precipitate to 
settle, taking care that the liquid remains ammoniacal, but 
avoiding a large excess of ammonia. Wash the precipitate 
once or twice by decantation with hot water (decanting the 
clear liquid through a filter), and then wash on the filter with 
hot water until a test of the washings acidified with nitric 
acid fails to give a precipitate with silver nitrate. Dry the 
precipitate, remove it as completely as possible to a watch 
glass, and burn the filter in a porcelain or platinum crucible. 
Add the precipitate, heat gently over the Bunsen burner at 
first, but gradually raise the temperature, and finally ignite 
for 10 minutes at the full power of the blast lamp. Cool in 
a desiccator, and weigh as aluminum oxide 4/,0,, which 
contains 53.03 per cent. of aluminum. 
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58. Notesand Precautions.—Aluminum hydrate, when 
recently precipitated, is a gelatinous translucent compound, 
which is rather difficult to filter at best and causes much 
trouble if not properly treated. The precipitate should 
be allowed to entirely settle, and the supernatant liquid 
should be poured through the filter as completely as possible 
before any of the precipitate is brought on to the filter, 
for the precipitate tends to clog the filter and make filtration 
very slow. 

Many organic compounds interfere with the complete pre- 
cipitation of aluminum as hydrate; hence, the solution from 
which it is to be precipitated should be as free from organic 
matter as possible. Hydrates of the fixed alkalies dissolve 
aluminum hydraie quite freely, and an excess of ammonia 
dissolves it sparingly, but its solubility in these is much 
lessened by the presence of ammonium chloride; hence, a 
solution from which aluminum is precipitated should always 
contain considerable ammonium chloride. The precipitate, 
when recently formed, is also dissolved freely by dilute 
hydrochloric acid; but it is almost entirely insoluble in pure 
water or water made faintly alkaline with ammonia and con- 
taining ammonium chloride. Some chemists prefer to pre- 
cipitate the aluminum with considerable excess of ammonia, 
and then boil the solution to expel the excess of the reagent, 
when the aluminum hydrate at first dissolved by the 
ammonia will again separate. This may be done if the pre- 
cipitation is made in a porcelain dish, but aluminum is gen- 
erally precipitated in a beaker, and the ammonium salts 
present in the solution always attack the glass during the 
boiling and dissolve appreciable quantities of the glass, 
which will be weighed with the precipitate. Whichever 
method is employed, care must be taken to keep the solution 
faintly ammoniacal. If much ammonia is present, it will 
dissolve some of the precipitate, and if the ammonia is all 
driven off, the solution becomes acid, and part of the precip- 
itate is dissolved by the acid. 

Aluminum hydrate always carries down some ammonium 
chloride with it, and if this is not washed out, aluminum 
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chloride will be formed and volatilized when the precipitate 
is ignited. When the precipitate is ignited, water is driven 
off and aluminum oxide A/,O, is formed. The ignition must 
be gentle at first or the precipitate will decrepitate, and 
some of it will probably be lost, but it must finally be ignited 
at the highest power of the blast lamp in order to drive off 
all the water and sulphuric acid which generally remains in 
the precipitate. The precipitate, if pure, remains unaltered 
even at a white heat, and is not reduced when ignited in the 
presence of hydrogen or carbon. For this reason, the filter 
is often wrapped around the precipitate, both placed in a 
crucible, and the paper burned off over a Bunsen burner, the 
precipitate being then ignited over the blast lamp. The 
only objections to this method are the difficulty sometimes 
experienced in getting the filter completely burned, and the 
increased danger of loss until the operator has gained some 
experience in chemical manipulation. 


CHROMIUM 


59. Determination of Chromium as Oxide.—Dissolve 
about .5 gram of thoroughly dried potassium bichromate 
K,Cr,O,in 100 cubic centimeters of water in a porcelain 
dish, add 10 cubic centimeters of concentrate hydrochloric 
acid and 5 cubic centimeters of alcohol, and heat the solution 
to boiling. Keep at boiling temperature, and stir well until 
completely reduced to chromium chloride CrCl;, replenishing 
the alcohol once or twice, and also the acid, if necessary. 
Complete reduction is indicated by a deep-green color, free 
from any yellowish tinge. After reduction is complete, con- 
tinue the boiling until the excess of alcohol and the aldehyde 
formed by the oxidation of alcohol have been expelled, which 
is indicated when the odor of alcohol or aldehyde can no 
longer be noticed above the boiling solution. Now dilute 
the solution to a volume of about 150 cubic centimeters, 
heat it to boiling, and precipitate the chromium as hydrate, 
with dilute ammonia added slowly and in slight excess while 
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the solution is stirred continuously. Continue the boiling 
for a few moments, while stirring the solution, and then 
remove the heat and let the precipitate settle. If the super- 
natant liquid has a reddish tinge, the boiling must be con- 
tinued until the precipitate will settle, leaving a perfectly 
colorless solution. Wash the precipitate once by decantation 
with hot water, and then wash thoroughly on the filter with 
hot water. Dry the precipitate, remove it to watch glass, 
and burn the filter in a porcelain or platinum crucible. 
When the crucible becomes cool, add the precipitate and 
ignite, gently at first, but gradually raise the temperature, 
and finally heat for 10 minutes at the highest temperature 
of the Bunsen burner. Cool the crucible and precipitate in 
a desiccator, and weigh as chromium oxide C7,O,, which 
contains 68.42 per cent. of chromium. 


60. Notes and Precautions.—The method given for 
the reduction of the chromate is probably the one most fre- 
quently used, but many chemists prefer to substitute sul- 
phurous acid for alcohol. Thismethod has some advantages, 
and the student should make one determination reducing 
the chromium in this way. In fact, whenever two methods 
of procedure are suggested, it is best to try both, and keep a 
record showing which method is most satisfactory. Such a 
record will be useful in subsequent work. 

Chromium hydrate resembles aluminum hydrate in its 
properties. It is not so difficult to filter as aluminum 
hydrate, but if not carefully handled will cause much trouble. 
As much of the liquid as possible should be poured through 
the filter before any of the precipitate is allowed to come on 
it, or the filtration will be very slow. The separation of the 
precipitate is promoted by the presence of ammonium chlo- 
ride, but it is best to avoid large quantities of ammonium 
chloride in the solution from which chromium is precipitated, 
as it is very difficult to wash it all out of the precipitate. 
Compounds of the fixed alkalies cling to the precipitate so 
tenaciously that, when chromium is precipitated from solu- 
tions containing large quantities of alkali salts, it is necessary, 
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after filtering, to dissolve the precipitate in hydrochloric 
acid and reprecipitate it from this solution by means of 
ammonia in order to get the precipitate free from salts of 
the alkalies. 

Chromium hydrate is almost absolutely insoluble in pure 
water or water that is very faintly alkaline with ammonia, 
but if any considerable amount of free ammonia is present, 
the precipitate is dissolved to quite an appreciable extent, 
giving the solution a reddish tinge. The chromium hydrate 
thus held in solution may be precipitated by boiling off the 
excess of ammonia, but the boiling must-not be continued 
too long, or the solution may become acid, and the precipi- 
tate will be dissolved in the acid solution. When the pre- 
cipitate is ignited, water is driven off and it is changed to 
chromium oxide. The ignition should be gentle at first, and 
the temperature should be raised gradually, to prevent the 
loss of precipitate while water is being expelled. When the 
precipitate is ignited at a moderate temperature, dark-green 
chromium oxide is formed. If more strongly ignited, the 
precipitate becomes incandescent and the color changes to 
lighter green, but the weight remains unchanged. ‘The pre- 
cipitate is not reduced, if carefully ignited in the presence of 
carbon; hence, the precipitate and filter may be placed in 
the crucible together and carefully ignited. 


ZINC 

61. Determination of Zine as Oxide.—Dissolve a 
little more than 1 gram of the double sulphate of zinc and 
potassium Z7K,2SO,6/7,O in about 150 cubic centimeters of 
water, in a porcelaindish. Heat the solution to boiling, and 
precipitate the zinc as basic carbonate by adding sodium 
carbonate, drop by drop, with continuous stirring, until the 
solution shows a strong alkaline reaction. Continue the 
boiling for 5 or 10 minutes, and then let the precipitate 
completely subside. Decant the clear liquid through a filter, 
add hot water to the precipitate, and heat this to boiling, 
Repeat the washing by decantation once or twice, and then 
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wash on the filter with hot water. Dry the precipitate, 
remove it as completely as possible to a watch glass, and 
burn the filter in a porcelain crucible, taking care to heat 
the crucible only as high as is necessary to burn the filter. 
When the crucible cools, add the precipitate and ignite 
with a gradually increasing temperature, finally heating for 
10 minutes at the highest temperature obtainable with a 
Bunsen burner. Cool in a desiccator and weigh,as zinc 
oxide ZO, which contains 80.25 per cent. of zinc. 


62. Notes and Precautions.—Basic zinc carbonate is 
almost insoluble in pure water or water containing small 
quantities of sodium carbonate. It is dissolved by acids, 
alkaline hydrates, or bicarbonates, and ammonium com- 
pounds, but is almost completely reprecipitated from dilute 
solutions containing alkaline hydrates by boiling. Boiling 
with a moderate excess of the reagent also reprecipitates 
most of it from solutions containing rather smali quantities 
of ammonium salts. Solutions from which zinc is to be pre- 
cipitated as carbonate should not contain much free acid, as 
this sets carbon dioxide free, forming bicarbonates, which 
hinder the formation of the precipitate. Whenever carbon 
dioxide is set free, the boiling should be continued until it is 
completely expelled from the solution. 

The precipitate carries down some of the reagent with it, 
but this may be removed by thorough washing with hot 
water, and this is much more easily accomplished by washing 
two or three times by decantation and then washing on the 
filter, than by washing entirely on the filter. At ared heat, 
the basic zinc carbonate is converted into zinc oxide, which 
is not volatile when heated alone, but is easily reduced to 
metallic zinc, which is volatile if heated in the presence of 
reducing agents. If carefully performed, this method yields 
quite accurate results; but they are usually a trifle low, as 
the precipitation of zinc as basic carbonate is never absolutely 
complete, and as particles of the precipitate always adhere to 
the filter, which exposes them to the chance of reduction and 
volatilization during ignition. 
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63. Determination of Zinc as Pyrophosphate.— Dis- 
solve a little less than 2 grams of zinc-potassium sulphate 
ZnK2S0,6H,O in about 150 cubic centimeters of water, 
and add a few drops of sulphuric acid and 25 or 30 cubic 
centimeters of a cold saturated solution of microcosmic salt 
HNaNH,PO,. Heat the solution to boiling, and precipitate 
the zinc as zinc-ammonium phosphate ZxVH,PO, by adding 
ammonia slowly to slight excess, while the solution is stirred 
continuously. Continue the boiling, while stirring vigorously 
and without interruption, until the solution is as near as 
_ possible to the point of exact neutrality. If the solution 
bumps when heated over the flame, it must be removed to a 
water bath and heated, with frequent stirring, until the 
excess of ammonia is expelled and the precipitate becomes 
crystalline. Allow the precipitate to settle completely, wash 
once by decantation with hot water, and then wash on the 
filter with hot water until a test of the washings is free from 
phosphoric acid. Dry the precipitate, remove it as com- 
pletely as possible from the filter to a watch glass, and burn 
the filter in a porcelain crucible, avoiding excessive heat. 
When the crucible becomes cool, add the precipitate and 
ignite, gently at first, but gradually increase the tempera- 
ture, and finally heat intensely for 10 minutes. Cool in a 
desiccator, and weigh as zine pyrophosphate Zx,P,O,, which 
contains 42.76 per cent. of zinc. 


64. Notes and Precautions.—Zinc-ammonium phos- 
phate when first precipitated is a white flocculent solid, 
but it soon becomes crystalline when boiled and stirred. It 
is soluble in acids and in ammonia or ammonium com- 
pounds, but its solubility in the latter is greatly diminished 
by the use of a large excess of the microcosmic salt. About 
three times the amount of this reagent that will be required 
to unite with the zinc should be added to the solution. 
Ammonia should only be added in slight excess, and it is 
best to boil off most of this excess over the burner, if possi- 
ble, but the solution containing this precipitate frequently 
bumps so vigorously, even when stirred constantly, that it is 
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necessary to drive off the excess of ammonia over the water 
bath. It is better that the solution should remain faintly 
alkaline than that it should be acid, for in the presence of a 
large excess of the precipitant, the zinc separates almost 
completely from a faintly alkaline solution. A large excess 
of ammonium chloride or acetate should be particularly 
avoided. The precipitate is washed quite easily. It is 
thoroughly cleaned when a test of the washings no longer 
gives a precipitate with ammonium molybdate or with 
magnesium sulphate to which ammonium chloride is added. 
When the zinc-ammonium phosphate is ignited, it gives off 
ammonia VH,and water and is converted into zine pyro- 
phosphate. The heat should be applied gradually, or some 
of the precipitate may be lost during this change. The pre- 
cipitate should be removed as completely as possible from 
the filter paper before ignition, for particles adhering to the 
paper are liable to be reduced and volatilized during igni- 
tion. This method yields very accurate results when care- 
fully handled, and is probably the most satisfactory method 
in all cases that admit of its use. 


65. Determination of Zine as Sulphide.—There are 
several methods of determining zinc as sulphide. Two of 
the methods in most general use are here given: 

1. Dissolve about 1.5 grams of zinc-potassium sulphate 
in 150 cubic centimeters of water in a flask having a capacity 
of about 250 cubic centimeters. Add 20 cubic centimeters of 
animonium chloride, and then add ammonium hydrate, drop 
by drop, until the solution is slightly alkaline. Warm the 
solution gently, add ammonium sulphide in sufficient quan- 
tity to precipitate the zinc, give the flask a rotary motion to 
mix the contents, fill to the neck with water, stopper tightly, 
and stand it in a warm place for at least 12 hours for the 
precipitate to collect and settle. Decant the clear liquid 
through a filter, and wash the precipitate by decantation with 
hot water containing a little ammonium sulphide and ammo- 
nium chloride. Then bring the precipitate on to the filter and 
wash at first with hot water containing ammonium sulphide 
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and ammonium chloride, and then with water containing only 
asmall quantity of ammonium sulphide. Dry the precipitate, 
remove it to a watch glass, and burn the filterin a Rose cru- 
cible. Add the precipitate, sprinkle a little powdered sul- 
phur over it, and ignite ina stream of hydrogen, as directed 
before, except that in this case the precipitate should not 
be ignited over the blast iamp. ‘Ten minutes’ ignition at the 
highest temperature of the Bunsen burner is sufficient. 
Cool the precipitate in a stream of hydrogen and weigh as 
zine sulphide ZxS, which contains 67.01 per cent. of zinc. 

2. Dissolve about 1.5 grams of zinc-potassium sulphate in 
150 or 200 cubic centimeters of water, add 20 to 25 cubic cen- 
timeters of ammonium chloride, and then add ammonia, drop 
by drop, until the solution is slightly alkaline. If a precipi- 
tate separates at this point, dissolve it in the least necessary 
amount of acetic acid. Heat the solution to boiling, and 
precipitate the zinc as sulphide by leading a rapid current of 
hydrogen sulphide through the gently boiling solution for 
half an hour. Allow the precipitate to settle, wash twice by 
decantation with hot water containing hydrogen sulphide 
and a little ammonium chloride, and then wash on the filter 
with hot water containing hydrogen sulphide. The precipi- 
tate should not be washed excessively on the filter. Dry, 
and ignite in a current of hydrogen as in the first method. 


66. Notes and Precautions.—Zinc may be precipitated 
as sulphide from neutral or alkaline solutions, or those that 
are acid with an organic acid—especially acetic acid. It is 
practically insoluble in water, alkalies, or organic acids, but 
the formation of the precipitate is retarded by free organic 
acids and by ammonia; hence, the solution is usually made 
as near neutral as possible before precipitating. Ammonium 
chioride aids the separation of the precipitate in a granular 
form, in which condition it is most readily washed. The 
precipitate is dissolved, or its formation is prevented, by 
mineral acids. Hydrochloric acid has the greatest solvent 
effect, and sulphuric acid has the least. 


The precipitate has a great tendency to run through the 
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filter, especially if the solution contains free ammonia; to 
avoid this, the solution is sometimes rendered alkaline with 
sodium carbonate, and then just acidified with acetic acid 
before precipitation. Ammonium chloride is frequently 
added to the first portion of wash water to keep the precip- 
itate in a granular condition. After all impurities are washed 
out, the precipitate tends to change from the granular toa 
slimy form, in which condition it will pass through the filter, 
if the washing is continued; hence, excessive washing is to 
be avoided. Heat aids the separation of the precipitate, but 
increases the action of solvents on it. 

Zinc may be precipitated from acetic-acid solutions by 
ammonium sulphide, as well as by hydrogen sulphide; hence, 
if a precipitate is formed when the solution from which zine 
is to be precipitated by ammonium sulphide is rendered alka- 
line, it may be dissolved in the least necessary quantity of 
acetic acid, and the zinc be precipitated from this acidulated 
solution. Zine sulphide is slowly oxidized to soluble zinc 
sulphate by the action of the air; hence, the precipitate 
should be protected from the air as much as possible during 
washing, etc. But, if the determination is carried through 
with as little delay as possible, there is slight danger of loss 
from this source. The precipitate must be removed from 
the filter as completely as possible, or some of the zinc will 
be reduced to the metallic state and volatilized while burn- 
ing the paper. The ignition in hydrogen should be per- 
formed as directed before, except that it is best not to use the 
blast lamp. Ten minutes’ ignition at the full power of the 
Bunsen burner is sufficient. If the blast lamp is used, the 
highest power should not be employed, and the ignition should 
only be continued about 5 minutes. The precautions to avoid 
an explosion, already mentioned, should be observed. 


ARSENIC 
67. Determination of Arsenic as Sulphide.—Weigh 
about .5 gram of arsenious oxide As,Q, into a flask of 250 or 
300 cubic centimeters capacity, and dissolve it in 25 cubic 
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centimeters of concentrate hydrochloric acid, with the aid of 
gentle heat, but taking care not to heat near the boiling 
point. More hydrochloric acid may be used, if the quantity 
at first added is insufficient. When solution is complete, 
dilute with water to half the capacity of the flask, and fitit with 
a doubly perforated stopper, as shown in Fig. 20, Through 
one perforation, pass a tube @ reach- 
ing nearly to the bottom of the flask 
and drawn out to a small opening at 
the lower end. Through the other 
perforation, pass a tube 6 reaching 
just through the stopper. Bend both 
of these tubes at right angles above 
the stopper. For an hour conduct 
through the tube a a gentle current of 
hydrogen sulphide, which has been 
washed by passing through water. 
Allow the flask to stand stoppered for 
an hour, and then remove the excess = 15 
of hydrogen sulphide by leading car-  - —— 

bon dioxide through the liquid in the FIG. 20 

same way that the hydrogen sulphide was passed through. 
From half an hour to an hour suffices to accomplish this. 
Allow the precipitate to settle, and filter through a weighed 
filter as already described. Wash rapidly and thoroughly 
on the filter with warm (not hot) water, occasionally adding a 
few drops of hydrogen-sulphide solution. Dry at 100° to 105° 
until a constant weight is obtained. The precipitate should 
now be arsenious sulphide As,S,, which contains 60.98 per 
cent. of arsenic.’ 


68. Notes and Precautions.—Arsenic is precipitated 
as sulphide from a solution that is strongly acid with hydro- 
chloric acid. If the arsenic is all in the arsenious condition, 
and no reducible compounds are present, the precipitate 
should be pure; but if reducible compounds are present—as, 
for instance, arsenic or ferric salts—free sulphur will be 
thrown out during their reduction, and will remain mixed 
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with the precipitate. Ifthe precipitate is formed in the cold, 
this will remain in a finely divided state and may be washed 
out. The precipitate separates from a warm solution more 
readily than from a cold one, and if the solution is such that 
there is no danger of separation of sulphur, the solution may 
be heated to about 60° during precipitation, but should not 
be heated above 70°, for fear of volatilizing some of the 
arsenic. If, however, the solution is such that sulphur is 
liable to be thrown out, precipitation should be made in the 
cold, for heat causes the sulphur to assume a form that is 
very difficult to remove from the precipitate. It is best to 
remove the excess of hydrogen sulphide from the flask by 
means of carbon dioxide, as directed, but this may be done 
by connecting the tube J with an aspirator and drawing air 
through the solution. The only objection to this method is 
that air tends to decompose hydrogen sulphide, and a little 
sulphur may thus be set free. 

It sometimes happens that particles of the precipitate 
adhere to the glass so tenaciously that they cannot be 
removed from the flask by mechanical means. In such cases, 
dissolve the portion of the precipitate adhering to the glass 
in a little ammonia, reprecipitate by rendering the solution 
distinctly acid with hydrochloric acid, and add this to the 
main precipitate on the filter. Care must be taken that only 
acid or neutral solutions come in contact with the precipitate, 
for itis soluble in alkaline hydrates, sulphides, and carbon- 
ates, and also in strong nitric acid or aqua regia, but is prac- 
tically insoluble in hydrochloric and sulphuric acids. 

If there is reason to suspect that the precipitate may cori- 
tain free sulphur, it should be washed with carbon bisul- 
phide, which will dissolve the free sulphur. If the precipi- 
tation was made in the cold, this may be accomplished by 
washing thoroughly on the filter with carbon bisulphide, 
after washing once or twice with strong alcohol, and then 
again washing two or three times with strong alcohol. 
Many chemists prefer to always wash the precipitate in this 
way, in order to avoid the possibility of free sulphur being 
present. Ifthe arsenic is precipitated from a hot solution 
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and sulphur separates, it cannot be removed by washing on 
the filter. In this case, the precipitate must be removed to 
a porcelain dish and digested with carbon bisulphide on a 
water bath for some time, replenishing the carbon bisulphide 
from time to time and taking care not to allow the mixture 
to evaporate to dryness. The precipitate may now be trans- 
ferred to a weighed filter and washed twice on the filter with 
carbon bisulphide, and then two or three times with strong 
alcohol. 

The precipitate must be dried until a constant weight is 
obtained. This may take some time, as the last portions of 
water are driven off slowly, and the temperature must not 
be allowed to rise very much, for the precipitate is easily 
volatilized without change of composition. 


69. Determination of Arsenic as Magnesium Pyro- 
arsenate.— Dissolve about .5 gram of arsenious oxide in the 
least necessary quantity of concentrate hydrochloric acid ina 
beaker by the aid of gentle heat, but taking care not to 
allow the temperature to rise above 70°. When all is dis- 
solved, add potassium chlorate, a few crystals at a time, 
until the solution emits a strong odor of chlorous acid, and 
then allow it to stand on the water bath at about this tem- 
perature until the odor of chlorous acid has almost entirely 
disappeared. Complete oxidation to arsenic acid is thus 
effected. Dilute the solution to about 100 cubic centimeters, 
render it distinctly alkaline with ammonia, and precipitate 
the arsenic, as magnesium-ammonium arsenate, with a mod- 
erate excess of magnesia mixture,* adding the reagent 
slowly and with constant stirring. Now add from 15 to 20 
cubic centimeters of concentrate ammonia, stir well, cover 
the beaker, and allow it to stand in a cold place for 12 hours. 
Filter, and wash on the filter with a cold solution, containing 
1 part of concentrate ammonia and 4 parts of water, until a 
test of the washings, when acidified with nitric acid, fails to 


* Magnesia mixture is made by dissolving 51 grams of crystallized 
magnesium chloride and 100 grams of ammonium chloride in a, little 
water, adding 208 cubic centimeters of ammonium hydrate of .96 Sp. 
Gr., and diluting to 500 cubic centimeters with water. 
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give a precipitate with silver nitrate, showing that the 
chlorides have been washed out of the precipitate; but avoid 
excessive washing. Dry the precipitate, remove it as com- 
pletely as possible from the paper, place the filter in a Rose 
crucible, and saturate it with a concentrate solution of 
ammonium nitrate. Apply a gentle heat to the crucible to 
dry the paper, and finally raise the temperature sufficiently 
to burn the paper completely. When the crucible has cooled, 
add the precipitate, cover the crucible and lead in a rather 
slow stream of oxygen in the same way that hydrogen was 
introduced in the determination of copper as sulphide (see 
above). Heat very gently at first, and raise the tempera- 
ture very gradually, finally igniting for 15 minutes at the 
highest temperature of the Bunsen burner, or for 10 minutes 
over the blast lamp. Cool in a desiccator, and weigh as 
magnesium pyroarsenate J7g,As,O,, which contains 48.39 per 
cent. of arsenic. 


70. Notes and Precautions.—The same care to avoid 
excessive heat during solution and oxidation that was neces- 
sary in dissolving the arsenic to be precipitated as sulphide 
is necessary in this case, for arsenic is readily volatilized 
when boiled with hydrochloric acid. Magnesium-ammo- 
nium arsenate M/g¢eNH AsO, isa white crystalline precipitate, 
closely resembling magnesium-ammonium phosphate. It is 
slightly soluble in water and more soin ammonium chloride, 
especially if the solution is heated, but this solubility is 
largely overcome by keeping the solution cold and having 
present a moderate excess of the precipitant and a large 
excess of ammonia. As the precipitate is not entirely insol- 
uble in dilute ammonia, it should only be washed as much 
as is necessary to remove the impurities. 

When ignited in the presence of carbon, the precipitate is 
reduced; hence, the filter should always be saturated with a 
strong solution of ammonium nitrate to supply oxygen and 
thus prevent reduction and consequent volatilization of the 
particles of precipitate adhering to the paper. If this pre- 
cipitate is ignited in the ordinary manner, the ammonia and 
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water, while passing off, will usually carry some of the pre- 
cipitate with them; and the ammonia, during its rapid evolu- 
tion, partially reduces the arsenic, which is then volatilized 
by the heat. These sources of error are eliminated by igni- 
ting the precipitate in oxygen and raising the temperature 
very gradually, as directed. Ifa convenient source of oxy- 
gen is not at hand, the same end may be attained by the 
following method: After transferring the precipitate to a 
crucible, place this in an air bath and heat it for an hour at 
about 130°. Then transfer the crucible to a thin iron plate 
placed over the burner, keeping it at first at the same tem- 
perature as the air bath, and then gradually increasing the 
heat until, at the end of 2 or 3 hours, the plate shows a faint 
redness. The crucible containing the precipitate may now 
be removed to a tripod and ignited over a burner at a gradu- 
ally increasing temperature, finally heating for 15 minutes 
at the highest power of the Bunsen burner, or 10 minutes 
over the blast lamp. The crucible should always be covered 
during ignition, to prevent loss. After the precipitate has 
been converted into pyroarsenate, it may be heated at the 
full power of the blast lamp without decomposition, but this 
high temperature is not necessary. The highest power of 
the Bunsen burner is sufficient. 


ANTIMONY 


71. Determination of Antimony as Sulphide.— Weigh 
1 gram of potassium antimony tartrate 2K.S00C,H,O,-H,O, 
known as fartar emetic, into a flask, fitted as shown in Fig. 20. 
Add 1 gram of solid tartaric acid, then a little water, and 
finally a few drops of hydrochloric acid. Heat gently, if 
necessary to bring the salt into solution, but do not bring 
to boiling. When dissolved to a clear solution, dilute to 
about 150 cubic centimeters, heat to boiling, and precipitate 
the antimony as sulphide by leading a current of washed 
hydrogen sulphide through the gently boiling solution in 
the same way that it was conducted through the arsenic 
solution. The antimony will generally be completely 
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precipitated in half an hour, Allowit to stand for half an hour 
in a warm place, and then pass a current of carbon dioxide 
or air through the solution for half an hour to remove the 
excess of hydrogen sulphide, as was done in the determina- 
tion of arsenic as sulphide. After the precipitate has settled, 
wash two or three times by decantation with hot water con- 
taining a little hydrogen sulphide, decanting the clear liquid 
through a filter that has been dried and weighed. Then 
bring the precipitate on to the filter and continue to wash 
with hot water containing hydrogen sulphide, adding a fresh 
supply of wash water as soon as the previous portion has run 
through the filter, in order to protect the precipitate from 
the air as much as possible. Dry the precipitate in the air 
bath at 100° to 105° until a constant weight is obtained. 
The precipitate is now composed of a variable mixture of 
antimony sulphide, sulphur, and water, and a correction 
must be made. There are two methods of doing this, and 
the student should do one each way. 

1. Weigh a porcelain boat, place in it a convenient quan- 
tity of the precipitate, taking care not to get any particles of 
filter paper mixed with it, and weigh it again, thus ascer- 
taining the weight of the precipitate taken for treatment. 
Place this in a hard-glass tube, as shown in Fig. 6, Qualita- 
tive Analysts, Part 4, and lead in dry carbon dioxide. When 
the tube is completely filled with carbon dioxide, bring a 
Bunsen burner under the boat and heat, gently at first, but 
gradually raise the temperature, while continuing the cur- 
rent of carbon dioxide, until all water and sulphur are driven 
off. Allow the precipitate and boat to cool in the current 
of carbon dioxide; then remove from the tube and weigh 
again. The precipitate is now Sd,S,, and from this weight 
the weight of Sd,S, in the original precipitate may be calcu- 
lated by a simple proportion. If we represent the weight of 
the original precipitate by a,the weight of the portion taken 
for correction before heating by 4, and the weight of the 
portion taken for correction after heating by c, we have 
b:c=a:x. x = Sb,S, in the original precipitate, and 
contains 71.43 per cent. of antimony. 

ILT 17C—19 
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2. Weigh a convenient amount of the precipitate into a 
Rose crucible, and by means of a dropper add 2 drops of 
concentrate nitric acid through the perforation in the cover. 
Then, using the dropper, add fuming nitric acid, drop by drop, 
in sufficient quantity to cover the precipitate, taking care 
not to add the acid rapidly enough to excite too violent 
action. Warm the crucible very gently over the water bath 
until all sulphur and sulphide have been oxidized, replen- 
ishing the fuming acid if necessary and taking care not to 
heat sufficiently to fuse the sulphur. When all is oxidized, 
evaporate the excess of acid over the water bath, and then 
heat over the Bunsen burner, very gently at first, and grad- 
ually raise the temperature until the crucible just shows a 
faint redness. Coolin a desiccator and weigh. Then heat 
again at about the same temperature, and continue this 
treatment until a constant weight is obtained. The precipi- 
tate is now S0,0,, and from this the weight of antimony in 
the original precipitate may be readily calculated. The 
percentage of antimony in Sd,0, is given as 78.95. 


42. Notes and Precautions.—Antimony and its com- 
pounds are rather difficult to dissolve, and no exact direc- 
tions for dissolving can be given, for treatment that suc- 
ceeds in one case may fail in another. With a little care 
and patience, however, antimony may usually be obtained in 
solution without a great deal of trouble. Tartaric acid helps 
to dissolve the salt, prevents the separation of white antimony 
oxychloride S6O0C/ when the solution is diluted, and promotes 
precipitation as sulphide; hence, it is always added to the sam- 
ple. Antimonyis most readily precipitated from a boiling solu- 
tion; hence, if the solution is one that will permit, it is boiled 
gently during precipitation. Ifthe solution contains nitric acid 
oralarge quantity of hydrochloric acid, the solution cannot be 
boiled, as there is danger of volatilizing the antimony, and the 
solvent action of these acids is greatly increased by heat. The 
precipitate is dissolved to a greater or less extent by alkalies 
and alkaline sulphides: hence, it should always be precipitated 
fom acid solutions. A large excess of acid should be avoided, 
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as the precipitate is not altogether insoluble in strongly acid 
solutions, especially when they are heated. The precipitate 
is not readily acted on by the air, but should not be unnec- 
essarily exposed during washing, or some loss may occur. 

In making the correction by the first method, the temper- 
ature should be carefully regulated. The precipitate must be 
heated strongly enough to drive off the water and sulphur, 
but if heated too strongly, the sulphide of antimony will also 
be volatilized. In working by the second method, the acid 
should be added very slowly and. carefully to avoid loss by 
spattering, and also to avoid excessive heat. Care must also 
be taken to avoid too high a temperature when heating over 
the water bath, until the sulphur is completely oxidized, or 
it will fuse and torm globules, which are almost impossible 
to oxidize. Common concentrate nitric acid will not oxidize 
the sulphur, but nearly always causes it to fuse into globules, 

Red fuming nitric acid accomplishes the oxidation quite 
readily, but it is best to moisten the precipitate with a drop 
or two of the common concentrate acid before adding the 
fuming acid, in order to prevent too violent action at first. 


POTASSIUM 


9723. Determination of Potassium as Potassium- 
Platinum Chloride.—Dissolve about .2 gram of potas- 
sium chloride KC/ in 2 or 3 cubic centimeters of water, in 
a small porcelain dish, and precipitate the potassium with a 
slight excess of platinum-chloride solution. Place the dish 
on a water bath, and evaporate nearly to dryness, without 
allowing the water in the bath to quite reach the boiling 
point, thus avoiding too strong a heat. When almost dry, 
allow to cool, add 30 or 40 cubic centimeters of alcohol, 
having a strength of about 80 per cent. by volume, and let 
stand for an hour, stirring occasionally. Then proceed 
according to one of the following methods: 

1. Decant the alcohol through a weighed filter and wash 
twice by decantation with alcohol of the same strength. 
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Then bring the precipitate on to the filter and continue the 
washing with alcohol until the impurities are completely 
removed, but avoid excessive washing. Dry the filter and 
precipitate at 130° until a constant weight is obtained. The 
precipitate is potassium-platinum chloride K,P7C7Z,. 

2. Decant the clear liquid through a filter, wash twice by 
decantation with alcohol, and then wash on the filter with 
alcohol of the same strength. Dry the precipitate, remove 
it as completely as possible from the filter to a watch glass, 
taking care not to get any particles of paper mixed with it, 
replace the filter in the funnel, and dissolve any precipitate 
adhering to it by washing it with hot water, receiving this 
solution in asmall, weighed dish. Evaporate this to dryness 
over a water bath, add the main precipitate, and heat at 130° 
in an air bath, until a constant weight is obtained. The 
precipitate is K,PtCl, which contains 16.05 per cent. of 
potassium. 


474. Notes and Precautions.—Potassium-platinum 
chloride is a reddish-yellow crystalline compound, which 
dissolves readily in water, alkalies, or acids, but is only 
slightly soluble in an 80-pez-cent. solution of alcohol, and is 
almost entirely insoluble in absolute alcohol. On account 
of the solubility of the precipitate in water, only a very 
small amount of water should be used in dissolving the 
sample, and most of thig should be evaporated off after 
adding the precipitant, and before adding the alcohol. In 
driving off the water, only a gentle heat should be used, in 
order to avoid the danger cf decomposing the reagent and 
weighing some metallic platinum as potassium-platinum 
chloride. 

The precipitate should be thoroughly washed, but the 
washing should not be continued after the impurities are 
removed, as the precipitate is not entirely insoluble in 
80-per-cent. alcohol, and absolute alcohol cannot be used 
for washing, as the precipitate may contain impurities that 
are insoluble in absolute alcohol. his is especially true if 
the potassium was precipitated from a solution containing 
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sulphates or sodium compounds. A slight excess of the 
precipitant diminishes the solubility of the precipitate, and 
the same may be said of sodium compounds, but the advan- 
tage derived from having much of either of these present is 
counterbalanced by the increased washing they occasion. 
Upon heating for some time at 130° all the water is driven 
off, and the precipitate may be weighed as K,PrC/,. If 
strongly ignited, the precipitate is decomposed, forming 
principally potassium chloride and metallic platinum. For 
this reason, the precipitate should not be heated much 
above 130°. 


AMMONIUM 


%5. Determination of Ammonium as Ammonium- 
Platinum Chloride.—Dissolve .5 gram of pure, dry 
ammonium chloride V/7,C/ in 2 or 3 cubic centimeters of 
water, and proceed exactly as in the determination of 
potassium (Art. %3). Weigh as ammonium-platinum 
chloride (VH,),/¢C7/,, which contains 8.11 per cent. of ammo- 
nium JVZH,. 


76. Notes and Precautions.—Ammonium-platinum 
chloride resembles potassium-platinum chloride very closely, 
both in appearance and chemical properties, but is rather 
lighter in color, dissolves more readily, and is more easily 
decomposed by heat than the potassium compound. It is 
rather less soluble in alcohol containing ether than in alcohol 
alone; hence, a solution consisting of 3 parts of 80-per-cent. 
alcohol and 1 part of pure ether is sometimes used to wash it. 
It may be dried at 130° without decomposition, but the tem- 
perature should not be allowed to rise above this point. 

After weighing this precipitate, it is a good plan to decom- 
pose it by heat and weigh the metallic platinum as a check 
on the results obtained. If the precipitate is weighed on 
a filter, remove it as completely as possible to a watch 
glass, and cautiously burn the filter in a porcelain crucible. 
When cold, add the precipitate and heat, gently at first, but 
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gradually raise the temperature’ until all the volatile parts 
are expelled and metallic platinum remains in the crucible. 
Cool ina desiccator and weigh. If the precipitate is removed 
from the filter and weighed in a dish, as directed in the sec- 
ond method, Art. 73, a porcelain crucible should be used. 
Then, after drying at 130° and weighing, the precipitate 
may be ignited at a gradually increasing temperature to 
drive off the volatile constituents, and the platinum may be 
weighed as a check on the first result. In either case, the 
ignition should be conducted very cautiously and the tem- 
perature should be raised very gradually, for if suddenly and 
strongly ignited, the escaping chlorine and ammonium chlo- 
ride will carry particles of the original precipitate and finely 
divided platinum with them, and thus give too low a result. 
. The weight of ammonium may be calculated from the weight 
of the platinum by a simple proportion, as follows: 


PEEUNT Vea Wt. Of -L ieee 


SULPHURIC ACID 


77%. Determination of Sulphuric Acid as Barium 
Sulphate.— Dissolve about 1 gram of pure copper sulphate 
CuSO,5H,O in 200 cubic centimeters of water, and add 
1 cubic centimeter of dilute hydrochloric acid and 10 cubic 
centimeters of ammonium chloride. Heat the solution to boil- 
ing, and precipitate the sulphuric acid with a solution of 
bariwm chloride, adding the reagent very gradually and in 
but slight excess to the boiling solution, while it is stirred 
continuously. When precipitation is complete, remove the 
beaker and contents to a warm place—preferably a water 
bath—and allow it to stand for 2 or 3 hours, keeping the 
solution near the boiling point. When the precipitate has 
completely settled, decant the clear liquid through a filter, 
add hot water, bring to boiling, allow the precipitate to settle, 
and repeat the washing by decantation, in this manner, two 
or three times. Then bring the precipitate on to the filter, 
and wash with hot water until a test of the washings fails te 
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give a reaction for chlorine when acidified with nitric acid 
and treated with silver nitrate. Dry the precipitate, remove 
it as completely as possible from the filter to a watch glass, 
and burn the filter in a porcelain crucible. When the cruci- 
ble becomes cool, add a drop or two of concentrate sulphuric 
acid to the ash, heat gently to drive off the excess of acid, 
and then gradually increase the temperature until the crucible 
assumes a dull-red color. Allow the crucible to cool, add 
the precipitate, place the cover on the crucible, and ignite at 
a gradually increasing temperature, finally heating at a mod- 
erate red heat for 10 minutes. Cool the crucible and precip- 
itate in a desiccator and weigh as barium sulphate BaSO,, 
which contains 34.34 per cent. of SO,, or 41.20 per cent. of 
SO,, and is equivalent to 42.06 per cent. of its weight of 
tt 7, 


98. Notesand Precautions.—The properties of barium 
sulphate have been given in other articles, which should 
be read in connection with this determination. The precip- 
itate is less likely to run through the filter when precipitated 
from a hot solution containing a little free hydrochloric acid 
and some ammonium chloride, as it appears to assume a 
denser form under these conditions. The precipitate is also 
rendered more dense by allowing it to stand at a temperature 
near the boiling point for a few hours before filtering. The 
solution should contain but little free hydrochloric acid and 
no nitric or chloric acid, as all of these dissolve more or less 
of the precipitate, if present in large amount; and nitric and 
chloric acids form nitrates and chlorates, which are very 
difficult to remove from the precipitate. If these latter acids 
are present in the solution, it should be evaporated repeatedly 
on the water bath with pure hydrochloric acid. until they 
are completely expelled. Then dilute with water and pre- 
' cipitate as directed. 

In the determination of sulphuric acid, the percentage of 
SO, is usually required. Sometimes, however, the percent- 
age of SO,, and occasionally of ree SOp is required; hence, 
the factors for all of thegguafeiawen. 
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PHOSPHORIC ACID 


“9. Determination of Phosphoric Acid as Magne- 
sium Pyrophosphate.—Dissolve about .6 gram of pure, 
dry microcosmic salt HNaNH,PO,4H,O in 100 cubic centi- 
meters of water, add 5 or 10 cubic centimeters of ammonium 
chloride, and then precipitate the phosphoric acid with a 
slight, but sure, excess of magnesia mixture, adding the 
reagent very gradually, and with constant, vigorous stirring, 
but taking care not to allow the rod to strike the side of the 
beaker. When precipitation is complete, add concentrate 
ammonia to about one-fourth the previous volume of the 
liquid, stir well, and standin acold place 5 or 6 hours for 
the precipitate to collect and settle in the crystalline form. 
Filter, and wash on the filter with water containing one- 
fourth its volume of concentrate ammonia, until a test of the 
washings, acidified with nitric acid, does not give a reaction 
with silver nitrate; but avoid excessive washing. Dry the 
precipitate, remove it from the filter to a watch glass, and 
burn the filter ina porcelain crucible. After cooling, add 
the precipitate and again ignite at a gradually increasing 
temperature, finally heating for 10 minutes at full redness. 
Cool in a desiccator and weigh. If the precipitate is not 
perfectly white, add 2 or 3 drops of concentrate nitric acid, 
heat gently to expel the excess of acid, and then raise the 
temperature to full redness for 5 minutes. Cool in a desic- 
cator and weigh as magnesium pyrophosphate d72,P.0,, 
which contains 63.97 per cent. of P,O,, or 42.79 per cent. of 
Oe 


4 


80. Notes and Precautions.—The precipitate in this 
case is the same as that obtained in the determination of 
magnesium, and has been described in other articles, which 
should be read in connection with this determination. In 
that case, the magnesium was precipitated by phosphoric 
acid, while in this case, the phosphoric acid is precipitated by 
magnesium. The magnesia mixture, used as the precipitant, 
is made as described in t > to Art. 69. 


pers 
lt 
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ATOMIC WEIGHTS USED 


81. It will be noticed that the atomic weights used in 
this Section are not, as a rule, those given in Jnorganic 
Chemistry. While the weights there given are the most exact 
and the results of the latest determinations, they are not 
known to be, and probably are not, absolutely correct. Work 
is Constantly being done in making these determinations, and 
slight changes are made each year. The changes made are 
usually small and may be disregarded in commercial ana- 
lytical work. In Table I we have a list of the elements of 
importance to the analytical chemist. Two sets of atomic 
weights are given. Those marked Commercial Atomic 
Weight are close enough for practical purposes, and are the 
values we will use. For comparison, the latest results are 
given in the column marked Exact Atomic Weight. 


82. Factors.—The necessary calculations may, of 
course, be made from the atomic weights in the manner 
previously shown, but the work may be shortened by using 
factors. A factor is that number with which the weight of a 
substance found is multiplied to obtain the corresponding 
weight of the substance sought. The manner in which these 
factors have been obtained from calculations is shown in the 
following examples: 

1. Required the factor for calculating manganese from 
Mn,O,. 

In Mn,O, we have, 

Wt, =o % By 165 
OF ie x 4 64 


229 


229 parts of M/n,O, contain 165 parts Wn. 
If a precipitate of M/z,O, is weighed and it is desired to 
know how much Jn it contains, the weight of the J/x,Q, is 


4 


coe 165 name 
multiplied by 165 and divided by 229. But as On: 72052, 


the same result is oo by multiplying the weight 
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by the factor .72052, as by multiplying by 165 and divid- 
ing by 229. 
2. Required the factor for calculating A/,O, from A/PO,. 
From the formula, it is seen that 4/,O, contains 2 atoms 
of Al, while A/PO, contains only 1. To furnish a mole- 
cule of A/,O, we must, therefore, have 2 molecules of A/PO,,. 


(27.1X 2) + (1638) = 102.2 
2x (27.14+31+ (16x 4)] = 244.2 


Then 244.2 parts A/PO, would yield 102.2 parts A/,O,. 


CE 


The factor is, then, pia oes 


-41851. 


3. Required the factor for calculating MA, from the 
weight of / left on igniting (V/H,),PrC/,. 
(VH,),P¢C?, contains for 195 parts of Pt 


(14+ 3) x2 = 34 parts VH, 


The factor, then, will be — = .17436. 

In Table II are given a number of useful factors based on 
the commercial atomic weights. To use the table, look down 
the first column, which serves as an index, until you find the 
name of element sought. Then look in the second column 
for the formula of the compound you have weighed. Find 
opposite this formula, in the third column, the formula of 
the substance sought. Multiply the weight of the substance 
found by the factor in the fourth column. The product is 
the weight of the substance sought. 
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TABLE I 
ATOMIC WEIGHTS FOR ANALYTICAL PURPOSES 


‘ ial 
eet “yao! ie nite Weight ens Weight 
Aluminum... ...... Al ey BAe | 2A 
Bxntimony....... <2 SO 1208 om 120; 2 
MES OIC wre sa oie ti As ye 7500 
BATAETIT. 6. 2 as ss os Ba £3 137-4 
BySiIUEN”. . 6.5. owes Bt 208, 208.5 
DrOMUNEe:. oe ose | Bt 80. 79.96 
aera. 6... nee Cd 112. 112.4 
OF Cr 6 Ca 40. 40.1 
OS er ee a 12 12.00 
OMICS ray ss so ss Ci. 205 35.45 
CDroOmmeny...... Cr 52 Lean 
RP OMMIy|> 00s soma Co 59 59-0 
Coppege... sss! ses Cu 63-5 63.6 
Piyeroven>. 3... 4% fag ie 1.008 
ORNS oa 6.2) 4-0 a Sane Up 127 126.97 
SNOT. x schits = «10/02 Fe 56. Be AO 
CAC SM Rs isos ase 2 > Pb 207. 206.9 
Magnesium ....... Mg 24. 24.36 
IMANYANESe......-. Mn ioe 55.0 
Mercury .c.).2.... Hg 200. 200.0 
Molybdenum...... Mo 96. 96.0 
EC) cast aoe ss «5 Ni 58.8 58.7 
BUEE CVE 3. soe «spon N 14. 14.04 
US Ge) O 16. 16.00 
EE HOSPNOLUB:s.... ++ ve SEA 2020 
PrletUettgM ra .)0 6 s+ ee BO Ss 194.8 
POUISSIE IN. bens + oe K 20). 200s 
SRC er SYA 28.4 28.4 
Bil Veter mems. «5 ass Ag 108. 107.93 
OCH MiNie ee wis)... 00 Na 22 23.05 
tCOMMIMIN. 5... « -.3'5 SY S75 87.6 
Sut rr S 223 32.06 
a Sn IIQ. I1g.0 
pIMtariitiname os...» rs de 48. 48.1 
‘Tungstemvis:...... W 184. 184. 
ZANIC RNs 6 old Zn 65. 65.4 
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TABLE If 


USEFUL FACTORS 


eg eee || Se 

AW Al 
/A\ikoboowbaybhe sbyeeasieie AlPO, Al 

ALPO, ALO, 

(NE \PTCr: NE, 

(NEF VELCE NH ,Cl 

Ammonium...... (VH7,),PtC?, NA, 
Pt NH, 

Pt NT: 
; SOR SO 
Antimony ....... | Sb, S, ‘Sh 
ASS As 

ISERSY, AsO. 
Jos is Mg As, As 
ASO, As 
AS CF As 
BaSO, Ba 

BaSoO, BaO 
; bLaco, Ba 

|e CTLTEN A Seer BaCo, Bao 
Balcro, Ba 

BacroO, BaO 
B10, Bi 
ISM ELEY. ssi ss s,s | Bi, S, Bi 
BiOCl Bi 
Bromine ...... oss AgBr Br 
CaO (Gir 
(CCAir CaS Cd 
Gas CaO 

Calcitimperetrin... | CHO Caco, 


Factor 


IOC SO 
a22105 
-41851 
08108 
- 24099 
-07658 
18461 
-17436 
-78947 
-71429 
60975 
80488 
- 48387 
-75758 
.65217 
- 58798 
- 65666 
69543 
-77662 
- 54154 
-60474 
-89655 
.81250 
-80154 
“42508 
-87500 
-77778 
- 88889 
-71429 
1.77506 
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Element 


PE OLOVEN w 5220+ 
C652 Oe ae 


TABLE II—(Continued) 
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Substance Substance 
Found Sought Bacton 
CaCO: Ca - 40000 
CaCO, CaO - 56000 
CaSO; Ca ~ 29411 
CaSO, CaO ~41176 
CO. G 27275 
BacCo, G -060g1 
BaCo, Ce, + 22335 
CaClO, CO; «44000 
Agtl CZ -24725 
CHO} Cr .68421 
Crag; C7O, 1.31578 
Creo: Cro: 1.52632 
Bacr0O, Cr + 20553 
BaCcro, Cr, 30040 
BaCrO, CrO, + 39526 
wacro, Cr 0, -42688 
CoO Co - 78667 
Co CoO 1.27118 
CuO Cu -79858 
CS Cu 79858 
Cu CuO 1.25197 
Lh) H PULATL 
Agl ve -54042 
FeO, Fe . 70000 
fe,0, FeO . 90000 
FeO, Fes. 1.50000 
Fe FeO 1.28571 
i FeO, | 1.42859 
Fe FeS, 2.14286 
FePO, FeO .47682 
FePO, Fe,0O, 52980 
fePo, Fe - 37086 


Lal 


Factor 


. 60000 
. 10000 
21627 
- 36036 
-72052 
= 93013 
-13973 
M0782 
. 50000 
. 26159 
.78569 
-27194 
.06306 
- 14359 
-27928 
63964 
-85586 
- 39640 
- 43661 
29032 
- 18310 
-43919 
“52349 
- 63087 
-92618 
- 44828 
+ $4023 
- 16049 
~ 19342 
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TABLE II—(Continued) 
Substance Substance 
Be spest Found Sought 
PbO Pb 
[C66 | a Ae a PSO, Pb 
MgO Mg 
. MgO MgCO, 
Magnesium ...... Me.P.0, ‘Me 
Mg,FO, MgO 
Mn,O, Mn 
Mn,O, MnO 
Manganese....... Mn,O, MnO, 
Mn,P,O, Mn 
Mn,P,O, MnO 
Molybdenum...... PbMo0, Mo 
NiO Ni 
NiGRe a os. i cia ee | Ni NiO 
(VF) Pel N 
INIEEO CM. < s0) apps | Pt N 
Me,P,O, PP, 
Me PO. FO), 
ger» PO. 
Phosphorus ...... Mer O: Canon). 
LC; FF 
Pe Pee. 
JA Ca (PO): 
1320s aa (NET \PCGT Py 
SCL. K 
| nb (OH K,O 
GG K-CO: 
‘ LO5O0), vi 
POtassiam .). S 2s. .5 1 SO) KO 
TEECL K 
ae Le, K,O 
CSPLCT, KEL 


- 30658 


-92825 
Ose 


se 
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TABLE II—(Continued) 
a 


Substance 


Substance 


Element FoGAd Souplit Bactor 
GLO, WG - 28159 

Potassitim....... | KC1O, K,O - 33935 
KCIO, IK. -53791 

ane S70, SZ -47020 
BMICON) «05 ve cae | Ss SiO, i656 
AgBr Ag 57446 

AgCl Ag +75275 

ol Agee Ag,O . 80871 
| Agl Ag 45957 

PG Woes Ag . 87096 

Nact Na 39316 

Nac? Na,O 52991 

BOctiimis). 7. <-!.. Na,SO, Na 32394 
Na,SO, Na,O 43662 

Na,SO, Na,CO, . 74648 

S7rCO,"7 a -59322 

‘ | SOR SrO .70169 
SerONtUm ....... SSO, ic, Ore 
57S. S70 - 56403 

BaSO, Sy “03734 

BaSO, SO! . 27467 

Sul Based, SO, - 34339 
i: BaSO, Oi oe 
LaSoO, iSO, . 42060 

BaSo, Je ies} .14592 

(Si 55 SnO0, Sn . 78808 
MnitATAU Tas... os Le, Tt . 60000 
POAINICCICMeN. 2... .-- WO, W -79310 
ZnO Zn .80247 

ENN ave. Oe ZnS Zn .67010 
' vA) HOM Zn .42763 
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(PART 2) 


VOLUMETRIC DETERMINATIONS 


GENERAL REMARKS 


1. As we have already seen, in volumetric analysis we 
treat a substance with a solution having a known power of 
chemical action, and calculate the quantity of the substance 
present by the amount of the solution required to change it 
from one state to another. From this, it will be seen that 
in making a volumetric determination we must have a stand- 
ard solution whose power of action is accurately known, a 
graduated vessel from which to introduce the solution, so 
that the quantity taken is accurately measured, and some 
means of recognizing the exact point at which the reaction 
is complete. Having these requisites, a volumetric deter- 
mination becomes a simple matter. Volumetric analysis 
has much to commend it. Asa rule, the volumetric meth- 
ods are shorter and simpler than the gravimetric; they 
appear neater in many instances, and'in many cases, at 
least, the results obtained are just as accurate. 


2. Equivalent Weights.—The equivalent weights of the 
elements are those weights that combine with a unit weight 
of a certain standard. Hydrogen is the standard usually 
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taken; 1 part of it combines with 35.5 parts of chlorine, 
and with 8 parts of oxygen. ‘Taking the equivalent weight 
of hydrogen as unity, the equivalent weight of chlorine is _ 
35.5, and of oxygenis 8. Ifit is found that 35.5 parts of 
chlorine will combine with 20 parts of calcium, then 20 is 
the equivalent weight of calcium; for though the calcium 
will not combine with hydrogen, still 20 parts of calcium will 
take the place of 1 part of hydrogen. In general, the equiv- 
alent weights of the elements are the atomic weights 
divided by the valency. It must be remembered, however, 
that the valency is not always the same, so that to apply 
this rule the valency the element has in the particular reaction 
considered must be used. Since all common elements will 
either combine with hydrogen or replace hydrogen in com- 
pounds, it is possible to define the equivalent weights of the 
elements as those weights that will combine with or replace a 
unit weight of hydrogen. 


o. Standard Solutions.—The standard solution used in 
determining any element must be one whose power of 
action on that element is accurately known. The exact 
strength at which the solution is used is not a matter of 
great importance, so long as its exact strength is known, for 
the amount of a substance changed by a given amount of a 
solution of any strength may readily be calculated from the 
equation representing the reaction, provided the strength of 
the solution is known. Of course the more dilute the stand- 
ard solution is made, within reasonable limits, the more 
accurately we may determine the exact amount of the active 
agent in the solution that has been used to produce the 
change; for we would have to make an error of 1 cubic 
centimeter in reading the quantity of a solution of a certain 
strength used, to correspond to an error of #5 cubic centi- 
meter when using a solution of ten times this strength. For 
practical reasons, however, the standard solution should 
not be made too dilute. When volumetric analysis first 
came into use, a separate solution was used for each ele- 
ment to be determined, and the solutions were made of such 
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strength that when a given weight—generally 1 gram—of 
the sample was taken, the number of cubic centimeters of 
_ standard solution used represented the percentage of the 
given element in the sample. Such solutions are very handy 
in some ways, and are still largely used where a solution is 
only used to determine one element, but where the same 
solution is used for a number of different determinations, 
solutions based on a different principle are now generally 
used. Solutions based on equivalent weights, known as 
normal and decinormal solutions, are now largely used, and 
are very handy. A normal solution ts one, a liter of which 
contains the equivalent weight of the active element in grams. 
To make such a solution, if the compound to be employed 
contains but 1 equivalent of the active element in the mole- 
cule, the molecular weight of the substance, taken in grams, 
is dissolved and diluted to1 liter. Thus, a normal solution 
of sodium hydrate is one containing the molecular weight 
(40 grams) of the salt in a liter of solution, for a liter of such 
a solution contains the equivalent weight (23) of the active 
element (sodium) in grams. If, however, we were to dis- 
solve the molecular weight, in grams, of barium hydrate and 
make the solution up to 1 liter, this solution would be twice 
the strength of a normal one, for a liter of it would contain 
twice the equivalent weight, in grams, of the active element, 
which is barium in this case, 

Similarly with the acids. A normal hydrochloric-acid 
solution is one containing the molecular weight, in grams, of 
pure hydrochloric acid, HCV, in a liter, for this contains the 
equivalent weight (1) of the active element (hydrogen), in 
grams, per liter. But, if a liter of asulphuric-acid solution 
should contain the molecular weight (98) of the pure acid, 
H,SO,, in grams, it would contain 2 grams of hydrogen, 
which is the active element, and the equivalent weight of 
hydrogen is 1. Hence, to have this solution correspond with 
our definition, a liter of solution must contain one-half the 
molecular weight, or 49 grams of pure acid. Potassium per- 
manganate, KiMnO,, is used as an oxidizing agent in acid 
solutions. The oxygen here is the active element, and since 
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the equivalent weight of oxygen is 8, the molecular weight, 
in grams, of KMnO, will contain 8 times the equivalent 
weight of oxygen. But only 5 of the 8 equivalent weights are 
available for oxidation, and, since only the active element is 
considered, a normal solution of K’/nO, will contain in 
1 liter one-fifth the molecular weight in grams. One of 
the great advantages of this system of making solutions 
is the fact that all solutions thus made up have the same 
strength. Ten cubic centimeters of any normal acid solu- 
tion will exactly neutralize 10 cubic centimeters of any 
normal alkali solution. Take, for é¢xample, hydrochloric- 
acid and sodium-hydrate solutions. The reaction is 


HCl+- NaOH = NaCl+ H,0 


One molecule of one just neutralizes 1 molecule of the 
other, and as each solution contains the molecular weight in 
grams, it is evident that equal volumes of the two solutions 
will exactly neutralize each other. In the case of sulphuric 
acid and sodium hydrate the reaction is 


H,SO,+2Na0H = Na,SO,+2H,O 


One molecule of the sulphuric acid unites with 2 molecules 
of sodium hydrate, but as only half the molecular weight of 
the sulphuric acid is contained in a liter of the solution, 
equal volumes of these solutions just neutralize each other. 

In practical work, normal solutions are usually too strong 
to yield very accurate results, and solutions one-tenth as 
strong as the normal ones are largely employed. ‘These are 
called decinormal solutions, and are usually designated as 
ii Such solutions may be made by dissolving one-tenth as 
much of the compound as would be used in making a normal 
solution and diluting to 1 liter; or 100 cubic centimeters of 
a normal solution may be accurately measured out and 
diluted to 1 liter. 

However a standard solution is made up, it must be thor- 
oughly mixed. If a solution is diluted with water, the 
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original solution and the water tend to form separate layers, 
and one part of the solution will be much stronger than 
another. A perfectly uniform solution is required, and this 
can only be obtained by very thorough agitation. The solu- 
tions must be kept in tightly stoppered bottles, for, if left 
exposed to the air, some solutions will absorb moisture and 
become weaker, but most of them lose water by evapora- 
tion, thus becoming stronger. When thus preserved, some 
standard solutions will keep their strength 
almost indefinitely, but others always de- 
compose slowly; hence, after a solution 
has stood for any considerable time, its 
strength should always be ascertained anew 
before it is used. The solutions should be 
kept in a cool, dark place, for heat and 
light—especially direct sunlight—promote 
decomposition. 


it 


MEASURING VESSELS 
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oe 
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of solutions of known strength used, it is 
of the utmost importance that we have 
accurately graduated measuring vessels to 
be used in making up, and measuring out, 
definite quantities of these solutions. The 
most important of these vessels are gradu- 
ated cylinders, pipettes, flasks, and burettes. 


4, As in volumetric analysis all 
| determinations depend on the quantity 


® 
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/ 5. Graduated Cylinders.—Gradu- 
ated cylinders are very largely used in 


making up standard solutions. For this 


—— 
$ 
L1H I{HDIITU 


SoS 


= 
WWII {UQAY HOU] 


i, | purpose, a stoppered cylinder, graduated 
= fee. to 1 liter, shown in Fig. 1, is generally 
Si 2 2 used, but the ordinary wide-mouth lipped 
Di some cylinder is sometimes used. The form 


ae shown in Fig. 1 has an advantage in that, 


after the solution in the cylinder has been diluted the proper 
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amount, the stopper may be inserted and the solution shaken, 
thus securing a thorough mixing. 


6. Pipettes.—The pipette is generally used to transfer 
definite quantities of a solution from one vessel to another. 
The form shown in Fig. 2 is best adapted to this 
purpose and is the one most largely used. In using 
the pipette the lower end is placed in the solution, 
and the air is sucked out of the pipette by applying 
the lips to the upper end, thus causing the solution 
to rise and fillit. When the solution has reached a 
point somewhat above the mark, the finger, which 
should be slightly moist, is quickly slipped over the 
top of the pipette, thus keeping the air out and, 
consequently, keeping the solution in. As a rule, 
the solution will still stand a little above the mark 
on the stem, and the pipette should be revolved under 
the finger, thus allowing a little air to get in, until 
the column of liquid falls so that the bottom of the 
meniscus exactly coincides with the mark on the 
stem. Then, while pressing the finger firmly on the 
top of the burette, remove it to the vessel into which 
it is to be emptied, and lift the finger. Hold the 
pipette in a vertical position until the solution has 
run out and it has thoroughly drained; and then touch 
the tip to the damp side of the vessel, into which 
the solution was emptied, to remove the last drop, 
which always adheres to the tip of the pipette. In 
order to obtain uniform results when working with a 
pipette, the same method of using it must always be 
employed; and as the method just described gives 
the most consistent results, it is recommended. 
Beginners invariably find it difficult to handle the 
pipette quickly and accurately, and should practice filling it 
with water and emptying it until this becomes easy, before 
using it in handling solutions. Such practice may prevent 
painful injuries, caused by drawing acid or alkali solutions 
into the mouth, 
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A pipette is very often used in cases where a sample of a 
substance is dissolved and different parts of the solution are 
taken for different determinations. Thus, 5 grams of a sub- 
stance may be dissolved in a 250-cubic-centimeter flask, and 
several portions of 50 cubic centimeters each may be with- 
drawn for the different determinations with a 50-cubic-centi- 
meter pipette. As each of these portions contains one-fifth 
of the solution, it contains 1 gram of the sample. For this 
purpose, it is not necessary that the pipette should hold 
exactly 50 cubic centimeters, nor that the flask should hold 
exactly 250 cubic centimeters, but it is necessary that the 
flask should hold exactly five times as much as the pipette. 
Whether the pipette and flask are in perfect harmony or not 
may be learned by filling the pipette to the mark with water, 
and emptying it into the flask five times. If the bottom of 
the meniscus just comes to the mark on the neck of the 
flask, they agree, but if this fails, several 
more trials should be made and a new 
mark should be made on the flask before 
proceeding with the analysis. Pipettes 
are made in various sizes. Those hold- 
ing 2, 10, 50, and 100 cubic centimeters 
are probably the most largely used. 


4. Flasks.—In making up standard 
solutions, the exact measurements re- 
quired cannot be made in a cylinder, fora 
slight addition of liquid will not raise 
the surface of the solution sufficiently, 
hence some other measuring vessel must [ 
be employed. Undoubtedly the most | 
convenient vessel for this purpose is an 
accurately graduated flask, similar to the 
one shown in Fig. 3. These flasks 
should be as narrow in the neck as is compatible with 
convenience in use, for the smaller the neck of the flask, 
the more accurately the amount of solution present may 
be determined, but the neck should not be so arrow 
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as to cause inconvenience in introducing or withdrawing 
substances. 

Measuring flasks should be made of well annealed glass, 
and should be rather thin, but of uniform thickness through- 
out, so that the danger of breaking by changes of tempera- 
ture will be reduced toaminimum. ‘They should be supplied 
with ground-glass stoppers, and the graduation marks should 
fall below the middle of the neck, so that the contents of the 
flask can be mixed by shaking. Graduated flasks are also 
largely used in dissolving substances and making the solu- 
tion up to a certain volume before removing parts of it for 
different determinations with a pipette. In making up 
standard solutions, a flask having a capacity of 1 liter is 
most largely used. The other sizes most frequently used 
are those having capacities of 200, 250, 300, and 500 cubic 
centimeters. 


8. Burettes.—The instrument from which the stand- 
ard solution is measured into the solution to be analyzed is 
known as a burette. This instrument has been made ina 
variety of forms, but only a few of these are in use at the 
present time. Each of these consists of a graduated tube 
provided with some arrangement by which a solution may 
be allowed to flow from the burette, or its flow stopped at 
will. The simplest and cheapest form of burette is a grad- 
uated glass tube, provided with a pinch cock; for many 
purposes this form is as good as any. It is sometimes modi- 
fied by dispensing with the pinch cock, and introducing a 
glass ball or short piece of glass rod into the rubber tubing 
at the bottom of the burette. The ball or piece of rod must 
be just large enough to prevent any of the solution from 
passing through the tube when standing undisturbed. To 
draw off a portion of the solution from the burette, it is only 
necessary to pinch the rubber tube over the ball or piece of 
rod, with the fingers, thus forming a channel, past the side 
of the obstruction, through which the liquid can freely pass; 
and to immediately stop the flow of liquid it is only neces- 
sary to relax the fingers. Burettes of this form are very 
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handy for some purposes, but cannot be used in all cases, as 
the rubber decomposes some standard solutions, such as 
potassium permanganate and iodine. 

When solutions which are decomposed by coming in con- 
tact with rubber are to be employed, a burette having a glass 
stop-cock, as shown in Fig. 4, must be used. 
This form of burette is so handy, and is now 
_ sold at such a moderate price, that it has largely 
displaced the older form just described. Before 
using the burette, the stop-cock should be coated 
with a thin layer of grease. Several kinds of 
grease have been recommended for this purpose. 
Both tallow and vaseline are good, but the writer 
prefers a mixture of beeswax and tallow. ‘This 
burette may be so regulated as to deliver the 
solution at any desired rate, and may be used 
for all solutions. Owing to the action of alka- 
lies upon glass, however, this form of burette, 
when used for strong alkalies, should be imme- 
diately emptied and washed after use, or the solution will 
not only be partially decomposed but will attack the stop- 
cock, causing it to stick, and, in a short time, toleak. Of 
course, such a solution should not be allowed to stand in any 
burette, for, in addition to decomposing, it slowly dissolves 
the glass from the inside of the tube, thus rendering the 
graduation inaccurate. 

All the ordinary forms of burette are graduated from the 
top to the bottom, so that, starting with the burette filled to 
the zero mark, the reading after adding the solution indi- 
cates the quantity of solution used in the operation. If the 
liquid does not stand at the zero mark at the beginning 
of the titration, the first reading of the burette subtracted 
from the second gives the quantity of solution used. A 
uniform method of reading the burette must be adopted. 
The bottom of the meniscus is usually chosen, but whether 
the top or bottom is chosen is a matter of little importance, 
so long as both readings are taken in the same manner. 
Taking the first reading at the top of the meniscus, anc the 
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second at the bottom, or vice versa, would obviously intro- 
duce an error. As readings taken at the bottom of the 
meniscus are, in some cases, more uniform, this method is 
usually adopted; but, in the case of strongly colored solu- 
tions, it is difficult to see the bottom of the meniscus, and 
the readings in such cases are generally taken at the top. 

The burette may be supported by any burette stand, or 
clamp, that will hold it in a vertical position. The second 
reading should not be taken as soon as the titration is com- 
pleted, but a few seconds should be allowed for the drops of 
liquid adhering to the sides of the burette to run down and 
unite with the solution. In all readings the burette should 
be in a vertical position, and the eye must be on a level with 
the top of the liquid. The part of the burette containing 
liquid should not be touched with the hand unless this is 
necessary, as the warmth thus imparted to the liquid may be 
sufficient to cause perceptible expansion. For the following 
determinations, two burettes will be required. For the work 
on acids and alkalies, any of the forms described may be 
used, but should be as nearly uniform in style and size as 
possible. For some of the other determinations a burette 
with a glass stop-cock will be required. Burettes having 
capacities of 50, 75, or 100 cubic centimeters are the handiest 
for general work. 


ACIDIMETRY AND ALKALIMETRY 


9. That we may be able to determine the acidity or 
alkalinity of any solution, it is well to have on hand correct 
standard solutions of sodium carbonate, sodium hydrate, 
sulphuric acid, and hydrochloric acid. The practice obtained 
by the student in making up these solutions at the beginning 
of his work in volumetric analysis will be of great value to 
him. 

Several methods of making up these solutions have been 
proposed by different chemists. Oxalic and sulphuric acids 
have been used as the starting point, but on account of the 
facts that perfectly pure sodium carbonate is easily obtained 
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that the solution is readily made up, and is perfectly reliable, | 
the solutions here described will be based upon sodium car- 
bonate. 


INDICATORS 


10. When an acid and an alkaline solution are mixed, 
there is nothing in the appearance of the mixture to indicate 
when the point of neutrality is reached; hence a substance 
known as an indicator must be added. We have seen that 
certain organic coloring matters exhibit one color in an alka- 
line solution, and a different color in solutions having an 
acid reaction, and this fact is made use of in working with 
acids and alkalies. A little of one of these coloring matters 
is added to the solution to be titrated, and the standard solu- 
tion is added till the color changes. Litmus is probably the 
oldest and best known of the organic indicators, but some of 
the newer ones have largely displaced it at the present time. 
The two organic indicators which are probably most used at 
the present time, and are in many ways the best, are phenol- 
phthalein and methyl-orange. 


11. Phenol-Phthalein.—Phenol-phthalein solutions 
having a good strength for use may be made by dissolving 
1 gram of the powder in 500 cubic centimeters of 50-per- 
cent. alcohol. This is one of the most delicate of the indi- 
cators, and gives a very sharp reaction in all solutions to 
which it is suited. Inneutral or acid solutions, this indicator 
is colorless, but the faintest excess of caustic alkali immedi- 
ately imparts to it a bright-red color. It is not suited to 
solutions containing carbonates, free ammonia, or ammonium 
compounds, for in the presence of ammonia or carbon dioxide, 
the end reaction is not distinct, and the change of color does 
not indicate the exact point at which the reaction of the 
solution changes. It is one of the best, if not the best, of the 
indicators for solutions of the hydrates of the fixed alkalies, 
and for all acids, both inorganic and organic, except carbonic 
acid. The fact that it can be used in alcoholic solutions, or 
in mixtures of alcohol and ether, renders it useful in 
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determining organic acids which are insoluble in water. It 
may also be used in estimating the acids combined with many 
of the alkaloids. 


12. Methyl-Orange.—A solution of methyl-orange, of 
convenient strength for use, is made by dissolving 1 gram of 
the powder in 1 liter of pure distilled water. It is cherry-red 
in an acid solution, and yellow in a solution having an alka- 
line reaction. This reagent cannot be used in estimating 
the organic acids, as they render the end reaction indefinite ; 
but it is not affected by ammonia or carbon dioxide, hence it 
is especially useful in standardizing acids by means of sodium 
carbonate, and as an indicator in the presence of ammonia 
or its salts. The change of color is not so marked as in the 
case of phenol-phthalein, but it is very distinct if carefully 
handled. Too large a quantity of the indicator should not 
be used. Two or three drops of the solution described are 
sufficient for 100 cubic centimeters of solution. Nearly all 
of the organic indicators give a sharper reaction in cold than 
in hot solutions; hence, so far as possible, the solutions to 
be titrated should be cool. It will be noticed that either one 
or the other of these indicators can be used with all solutions 
likely to be met in acidimetry and alkalimetry. 


PREPARATION OF SOLUTIONS 


13. It is possible to titrate all acid and alkali solutions 
with only one standard solution of each kind; but it fre- 
quently happens that acid and alkali solutions are used for 
other processes in which some particular solution is required; 
hence, it is well to make up several of the solutions most 
frequently used. It is absolutely necessary, at all events, to 
have at least one acid and one alkali solution which are 
strictly accurate to serve as foundations in making up all 
others. On account of the ease with which a strictly accurate 
solution of sodium carbonate is obtained, this is the best 
alkali solution to serve asa basis for other solutions, but on 
account of its limited use for other purposes, at least one 
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other alkaline solution should be made up for use in general 
analytical work. For the standard normal acid, sulphuric 
acid-is probably the best, as it is easy to obtain in a strictly 
pure condition, and the solution, if properly preserved, will 
retain its exact strength almost indefinitely. This cannot 
be said of any of the alkali solutions, for they all attack the 
glass to a greater or less extent, especially when hot, and 
dissolve some of the alkali contained in the glass. For this 
reason, a flask made of Jena glass—upon which this action is 
not nearly so great as upon ordinary glass—should be used 
in making up the solutions, and after standing for any con- 
siderable time, these solutions must be restandardized before 
they are used. They should be kept in bottles having 
ground-glass stoppers, and a little grease should be placed 
on the stopper to close the bottle still more tightly and, in 
the case of alkali solutions, to protect the glass from. the 
solution. 


14. Normal Sodium Carbonate.—As the molecular 
weight of sodium carbonate is 106, and the molecule contains 
2 atoms of sodium, a normal solution contains 53 grams of 
the salt to the liter. To prepare it, heat rather more of the 
perfectly pure salt than will be required for the solution 
until all moisture is driven off. If alarge platinum dish is 
available, this is best done by placing the salt in this dish 
and heating over a Bunsen burner until the dish assumes a 
dull-red color, keeping it at this temperature for 10 or 14 
minutes and stirring occasionally with a platinum wire, but 
taking care not to fuse the salt. Ifa suitable platinum vessel 
is not at hand, the same object may be accomplished, if the 
salt is perfectly pure, by heating it in a clean porcelain dish. 
In either case, allow it to cool in a desiccator, and when quite 
cool, weigh out exactly 53 grams of it, with as little delay as 
possible. Place this in a rather large beaker and dissolve it 
in 300 or 400 cubic centimeters of water, which is quite hot, but 
not boiling. When this solution has cooled almost to the 
temperature of the room, transfer it to a graduated liter flask, 
and rinse out the beaker with successive small quantities 
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of water, ata “each of these to the solution in the flask, 
and taking” care ‘not to spill any of this liquid, thus making 
sure that every particle of the sodium carbonate finds its way 
into the flask. Now dilute the solution exactly to the mark 
on the neck of the flask, insert the stopper, shake well to 
secure as t rough mixing as possible, then pour the solution 
into the perfectly dry bottle in which itis to be kept, stopper 
the bottle tightly, and shake again to secure thorough mix- 
ing, The temperature at which the solution is to be made 
up is marked on nearly all graduated flasks, and the solution — 
and the water with which it is diluted should be at this 
temperature when it is made up to the liter, and the solution 
should be at the same temperature when used. The matter 
of temperature is quite important when working with normal 
solutions, for with such strong solutions, a change of a few 
degrees may introduce a perceptible error in the work. 

If strictly pure sodium carbonate is not at hand, the bicar- 
bonate, which is easily obtained in a pure state, may be used 
in making up this solution. In this case the bicarbonate is 
converted into normal carbonate by meansof heat. 85 grams 
of the bicarbonate, when heated, yields slightly more than 
53 grams of the normal carbonate, but a little more than this 
should usually be taken, as it frequently happens that it is 
difficult to remove all of the carbonate from the dish. To 
prepare the solution in this way, place the perfectly pure salt 
in a clean platinum dish, and heat to dull redness for 10 or 
15 minutes, stirring from time to time with a platinum wire, 
and taking care not tofuse the salt. The bicarbonate is now 
converted into normal carbonate. Allow it to cool in a 
desiccator, weigh out 53 grams as quickly as Boel: and - 
dissolve it as previously described. 

As much of the sodium carbonate of commerce contains 
bicarbonate, unless certain that the sample is free from- 
bicarbonate, it should be heated in a platinum dish to convert 
any bicarbonate that may be present into normal carbonate. 
This solution should be prepared with the utmost care, for 
all the other solutions depend upon this one, and if this is 
wrong, all the others will be useless. As 1 liter of a norma! 
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soluticn of sodium carbonate contains 53 grams of the salt, 
1 cubic centimeter contains one-thousandth of this, or 
.053 gram of Va,CQ,,. 


15. Normal Sulphuric Acid.—A normal solution of 
sulphuric acid contains 49 grams of the anhydrous acid to 
the liter, but as the pure acid cannot be weighed and diluted 
to a certain volume, some other method must be adopted, 
and, as has been indicated, the best method is to make up a 
rather strong solution, and dilute this until a certain volume 
of it exactly neutralizes an equal volume of the normal 
sodium carbonate. To do this, slowly pour about 30 cubic 
céntimeters of pure sulphuric acid, of 1.84 specific gravity, 
into from 200 to 300 cubic centimeters of distilled water ina 
beaker, and, after this has cooled to the right temperature; 
transfer it to a liter cylinder and dilute to about 1 liter with 
water of the proper temperature. Then place the stopperin 
the cylinder, and shake well to secure a thorough mixing. 

Fill one burette with normal sodium-carbonate solution 
and the other with the acid solution. From the burette con- 
taining sodium carbonate, measure exactly 10 cubic centi- 
meters of solution into a beaker; dilute to about 100 cubic 
centimeters with pure water, add 2 or 3 drops of methy]- 
orange, and then, from the other burette, add the sulphuric 
acid, until the change of color of the indicator shows that 
the point of exact neutrality is reached. Repeat this opera- 
tion once or twice, and take the mean of two or three read- 
ings—or even more, if these do not agree closely—as the 
amount of the acid required to neutralize 10 cubic centi- 
meters of the sodium carbonate. From this, calculate how 
much water must be added to the acid, and dilute it accord- 
ingly. The calculation may be made by means of a simple 
proportion. For instance, if 9.5 cubic centimeters of the 
acid are required to neutralize 10 cubic centimeters of 
the sodium carbonate, and 950 cubic centimeters of the 
acid remain in the cylinder, the proportion would be 
95:10 = 950: x4. x# = 1,000 cubic centimeters, or 1 liter. 
Hencé, in order to make the sulphuric-acid solution of such 
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strength that equal volumes of the two solutions shall exactly 
neutralize each other, it is necessary to dilute the 950 cubic 
centimeters of solution in the cylinder to the liter mark 
with pure water. 

In practice, it is very difficult to measure such large quan- 
tities of liquid with sufficient accuracy so that the solution 
can be diluted to exactly the required strength at once, 
unless it is very nearly of the proper strength to start with; 
and as it is much easier to dilute a solution which is too 
strong than to strengthen one which is too weak, it is best 
to add a few cubic centimeters less than the calculated 
amount of water; mix well, and make a second calculation 
by titrating a quantity of this freshly diluted acid in the 
same manner that it was done in the first instance. Before 
leaving the sulphuric-acid solution, 50 cubic centimeters of 
it should be made to exactly match 50 cubic centimeters of 
the sodium carbonate. As the strengthof the sulphuric-acid 
solution is made to depend upon the sodium carbonate, the 
quantity of solution made up is not a matter of importance, 
and exact measurement of the whole volume of solution is 
not required, as the measurement in a cylinder is sufficiently 
accurate to show how much the solution should be diluted, 
provided this is done as directed. In cases where absolute 
accuracy is demanded, it isa good plan to check the strength 
of this solution by precipitating a portion of it with barium 
chloride, weighing the barium sulphate, and from this calcu- 
lating the amount of sulphuric acid present. To do this, 
measure exactly 25 cubic centimeters of the solution into a 
beaker, by means of a burette; dilute this to 150 or 200 cubic 
centimeters with pure water, heat to boiling, and precip- 
itate the sulphuric acid with a slight excess of barium 
chloride. Treat the precipitate of barium sulphate thus 
obtained exactly as previously described, and from its 
weight calculate the amount of sulphuric acid in a liter of 
the solution. It has been the writer’s experience that the 
results obtained by this method never necessitate any change 
in the strength of a solution which has been carefully stand- 
ardized against a properly prepared solution of sodium 
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carbonate. One cubic centimeter of a normal solution of 
sulphuric acid contains .049 gram of H/,SO,. 


16. Normal Sodium Hydrate.—A normal solution of 
sodium hydrate contains 40 grams of the salt per liter; but, 
as the solid attracts moisture so rapidly, it cannot be weighed 
accurately, and consequently a solution having approximately 
the proper strength must be made up, and this must be 
standardized against the normal acid. To make this solution, 
weigh out 45 or 50 grams of the pure sodium hydrate, dissolve 
it in distilled water, and dilute the solution to about 1 liter. 
This is probably best done by placing the solid in a liter 
cylinder, adding about a liter of water, and agitating so that 
the heat generated during solution will not break the cylin- 
der; or it may be dissolved in a beaker, and then transferred 
to the cylinder. When all is dissolved, standardize the 
solution against the sulphuric acid in the same manner that 
the sulphuric acid was standardized against the sodium car- 
bonate. As nocarbon dioxide is present in this case, phenol- 
phthalein gives a more distinct end reaction than methyl- 
orange, hence its use is recommended; but it is best to make 
duplicate titrations, using methyl-orange as the indicator, as 
a check. In this, as in every case, the solution should be 
allowed to cool to the proper temperature before it is stand- 
ardized. As sodium hydrate of this strength absorbs carbon 
dioxide quite rapidly, it should be protected from the air as 
much as possible while being used, and should be kept in a 
tightly stoppered bottle, which is nearly filled by the solu- 
tion. One cubic centimeter of normal sodium hydrate 
contains .04 gram of NaO/Z. 


1%. Normal Hydrochloric Acid.—A norma! solution 
of hydrochloric acid contains 36.5 grams of //C7 to the liter. 
To prepare it, make a solution rather stronger than normal, 
titrate this against the normal sodium hydrate, using phenol- 
phthalein as the indicator, and dilute this solution until 
50 cubic centimeters of it exactly neutralize 50 cubic cen-. 


timeters of the sodium hydrate, in the same way that the 
ILT 17C—21 


18 QUANTITATIVE ANALYSIS, PART 2 


sulphuric acid was standardized against the sodium car- 
bonate. This solution will not retain its exact strength 
as well as the sulphuric-acid solution, but it has the advan- 
tage that it does not form insoluble compounds with the 
alkaline earths, and consequently may be used to titrate 
solutions containing these metals. 

The strength of this solution may be verified gravimet- 
rically, as in the case of sulphuric acid. To do this, measure 
exactly 15 or 20 cubic centimeters of the solution into a 
beaker, by means of a burette, dilute to about 100 cubic 
centimeters with cold water, and precipitate the chlorine, at 
the temperature of the room, with a slight, but sure, excess 
of silver nitrate, to which a little nitric acid has been added. 
When an excess of silver nitrate has been added, gradually 
heat the solution almost to boiling, while stirring it continu- 
ously. Treat the precipitate as directed in the determi- 
nation of chlorine as silver chloride, and from its weight 
calculate the amount of hydrochloric acid in the solution. 
One cubic centimeter of a normal solution of hydrochloric 
acid contains .0365 gram of C7. 


18. Verification of Solutions.—As in this scheme for 
the preparation of solutions, the strength of each solution is 
made to depend upon the one standardized just previously, 
if 25 cubic centimeters of the hydrochloric acid exactly neu- 
tralize 25 cubic centimeters of the sodium carbonate, it is a 
strong indication that all the solutions are correct, but before 
they are accepted, they should be tested to prove that each 
of the acids exactly matches each of the alkali solutions. In 
doing this, it must be remembered that whenever a carbonate 
solution is titrated, methyl-orange must be used as the indi- 
cator. In addition to testing these solutions against each 
other, the hydrochloric-acid and sulphuric-acid solutions may 
be tested gravimetrically as described under each of these 
acids. 


19. Decinormal Solutions.—Normal solutions are too 
strong to be used in making accurate determinations of small 
quantities of substances or in titrating very dilute solutions, 
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and for these purposes solutions one-tenth as strong as the 
normal ones are made up. These are known as decinormal 


solutions, and are generally written 0° By this arrange- 


ment, the same relationship is maintained between the solu- 
tions, and the factors are the same, except that the decimal 
point is moved one place further to the left. These Solutions 
may be made by dissolving 5.3 grams of sodium carbonate 
in water, making it up to exactly 1 liter, and using this as a 
foundation for the others, as in the case of the normal solu- 
tions; or 100 cubic centimeters of each of the normal solu- 
tions may be accurately measured into flasks and diluted 
to exactly 1 liter. These solutions may be standardized 
against the normal solutions. Ten cubic centimeters of 
normal solution will, of course, require 100 cubic centimeters 
of decinormal solution for saturation. This method of stand- 
ardizing is not advised, as a very slight error in measuring 
out the normal solution causes ten times as great an error in 
the decinormal one. Asa rule, greater accuracy is obtained 
by carefully measuring out 100 cubic centimeters of normal 
solution and diluting to an exact liter, or basing all the solu- 
tions on a carefully prepared sodium-carbonate solution. 
Whatever method is employed in the preparation of these 
solutions, they must be made to agree perfectly among 
themselves. 


USE OF NORMAL ACID AND ALKALI SOLUTIONS 


20. On account of their convenience, these solutions are 
largely used in laboratories connected with the soap, alkali, 
and paper industries. One of the chief advantages of these 
solutions is that, as they are all matched, we can tell the 
exact amount of any alkali in a solution by any acid, and 
vice versa, and the calculation is very simple. . For instance, 
if we find that 50 cubic centimeters of a sodium-hydrate 
solution require 10 cubic centimeters of normal acid for 
saturation, we know that the solution contains as much 
sodium hydrate as would be contained in 10 cubic centi- 
meters of a normal solution. As 1 cubic centimeter of 


20 QUANTITATIVE ANALYSIS, PART 2 


normal solution contains .04 gram of VaOH, 10 cubic centi- 
meters Co ntain . 4gram. Therefore, the 50 cubic centimeters 
of solut or analysis contain .4 gram of VaOH. In any 
y necessary to calculate the weight of a sub- 
stance that would be contained in 1 cubic centimeter of a 
normal solution from the molecular weight of the substance, 
and multiply this factor by the number of cubic centimeters 
of normal solution required to saturate it. Only a few deter- 
minations in which these solutions are applied in practice 
will be described, but if the student performs these carefully, 
he will have no trouble with other applications. 


21. Determination of Sodium Carbonate.—Weigh 
out accurately from 1 to 2 grams of pure, dry sodium car- 
bonate; transfer it to a beaker, and dissolve in from 100 to 
150 cubic centimeters of warm water. When the solution 
has cooled, add 3 or 4 drops of methyl-orange, and titrate 
with one of the normal acid solutions. As 1 cubic centimeter 
of a normal acid neutralizes .053 gram of sodium carbonate, 
the number of cubic centimeters of normal acid used multi- 
plied by .053 will give the weight of the sodium carbonate. 
As the pure, dry salt was taken for analysis, the weight 
obtained by titration should coincide with the weight of 
sample taken, and this method is often used to verify the 
strength of normal acid solutions. This determination may 
be varied by weighing out 2 or 3 grams of crystallized sodium 
carbonate Va,CO, 10,0, and treating it in the same manner 
as the dry sodium carbonate. In this case a slight calculation 
will be required, and if the accuracy of the work is to be 
checked by calculation, pure crystals which have not lost 
water must be taken. 


22. Determination of Ammonium.—A method for 
the determination of ammonium, which is applicable in all 
cases where no nitrogenous organic matters from which 
ammonia might be evolved are present with the ammonium 
salts, is based upon the expulsion of ammonia by means of 
sodium hydrate, absorbing the ammonia thus set free in 
normal acid, and titrating the excess of acid with normal 
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alkali. To accomplish this, tightly fit a flask A, Fig. 5, 
having a capacity of about 250 cubic centimeters, with a 
perforated rubber stopper. Through the perforation in the 
stopper, pass a bent glass tube and, by means of a tightly 
fitting rubber tube or.a strip of pure rubber, connect this 
tube with the condenser B, taking care that the ends of the 
two glass tubes are brought close together and that the 
connection is perfectly tight. Connect the lower end of the 
condenser with another tube in the same manner, and pass 
this tube through the perforation of a rubber stopper which 
is tightly fitted into the neck of the tubulated receiver C. 
Fit the tubulure of the receiver with a perforated rubber 
stopper, and by means of a glass tube passing through this, 
and bent twice at right angles, connect the receiver with the 
bulbed U tube J, in such a manner that the U tube stands 
in an upright position. Care must be taken to have all the 
connections perfectly tight. If a condenser is at hand, the 
inner tube of which extends some distance past the jacket tube 
ateachend, the upper end may be bent, and connected with the 
flask, and the lower end may be inserted through the stopper 
into the condenser, thus dispensing with two connections. 

Remove the stopper from the flask 4A, and introduce about 
100 cubic centimeters of sodium-hydrate solution. The exact 
strength of this solution is not a matter of importance, but 
one a little stronger than normal (about 1.06 Sp. Gr.) is 
most satisfactory. Place a burner under this and bring it to 
boiling for a few moments, to expel any ammonia that the 
solution may contain. Allow this to cool, and while cooling, 
measure exactly 50 cubic centimeters of acid in a burette; 
introduce enough of this into the U tube to fill the lower 
bulb, and place the rest in the receiver. Great care must be 
taken in introducing the acid not to lose a particle of it, and 
to get exactly 50 cubic centimeters into the U tube and 
receiver. The acid used is not a matter of great impor- 
tance, but sulphuric acid is generally preferred. The end of 
the tube leading from the condenser should be so arranged 
that it comes near the surface of the acid, but does not dip 
into the acid at any time in the process. 
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Into a short but wide tube, that is closed at one end (a test 
tube cut off about i} inches from the bottom serves well), 
weigh, accurately, about 1 gram of pure, dry ammonium chlo- 
ride or such a quantity of other ammonium compound as would 
contain about the same weight of ammonium as 1 gram of 
the chloride. When the sodium-hydrate solution has cooled, 
drop this tube of sample into it, and quickly close the con- 
nection. Now bring a burner under the flask, which should 
be standing upon a wire gauze, and apply a regular amount 
of heat until about half of the liquid has slowly distilled over. 
If a double compound of ammonium is taken for analysis, 
the distillation may be attended by considerable bumping. 
Though comparatively rigid, the apparatus may be given a 
a slight motion, which, if constantly kept up, will cause 
sufficient motion in the liquid to prevent disturbance. When 
the distillation is complete, remove the stopper from the 
flask, turn out the burner, and allow the liquid to cool for 
20 minutes. Disconnect the apparatus, pour the contents of 
the receiver and U tube into a beaker, and rinse these vessels 
tillthey are perfectly clean, with small successive quantities 
of pure water. Tothe solution in the beaker, add a few drops 
of methyl-orange as indicator, and determine the amount of 
acid which is still free, by titration with normal alkali, In 
this way the amount of acid neutralized by the ammonia is 
obtained, and from this result the amount of ammonium which 
was contained in the salt, and was expelled by the hot sodium 
hydrate in the form of VH,, is calculated. 

This calculation is quite simple. The number of cubic 
centimeters of normal alkali required to neutralize the acid 
subtracted from 50—the number of cubic centimeters of acid 
taken—gives the number of cubic centimeters of normal acid 
neutralized by the ammonia. This result multiplied by 
.017 gives the weight of ammonia WV//,, or multiplied by 
.018 gives the weight of ammonium V//,. 

If we divide the weight of VH, obtained as described by 
the weight of the original sample taken and then multiply 
the result thus obtained by 100, we get the percentage of 
ammonium in the sample. 
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CHLORINE 

23. Preparation of the Silver-Nitrate Solution. 
Dissolve exactly 5.85 grams of pure, dry sodium chloride in 
water, and dilute to an exact liter in a graduated flask. 
Then make an approximate decinormal solution of silver 
nitrate by dissolving 17 grams of pure silver nitrate in a trifle 
less than a liter of water. Froma burette measure a definite 
quantity of the decinormal salt solution just made up—say 
10 or 15 cubic centimeters—into a beaker; add 2 or 3 drops 
of a saturated solution of pure potassium chromate in water, 
as an indicator, and dilute the solution with about 50 cubic 
centimeters of pure water. From a second burette, slowly 
introduce the silver solution while stirring constantly. As 
each drop of the silver solution falls into the salt solution, a 
red spot is formed, which immediately disappears upon stir- 
ring, owing to the decomposition of the silver chromate at 
first formed, by the sodium chloride. As the point of satu- 
ration is approached, the red color does not disappear so rap- 
idly, and finally the liquid assumes a permanent red color. 
This shows that all the chlorine has been precipitated and 
that aslight excess of silver has been added, which has united 
with the potassium chromate, forming red silver chromate. 

The addition of silver solution should be stopped as soon 
as a faint permanent reddish tinge is produced in the solution 
and the quantity of the solution required to saturate the 
given quantity of decinormal salt solution is noted. From 
this, calculate how much the solution must be diluted, so 
that a certain volume of it will saturate an equal volume of 
the salt solution, and dilute it accordingly, carrying out the 
dilution as directed under Normal Sulphuric Acid. Before 
the solution is accepted as correct, 25 or 50 cubic centimeters 
of it must exactly saturate an equal volume of the sodium- 
chloride solution. The solution is now exactly decinormal; 
1 cubic centimeter of it contains .017 gram of silver nitrate, 
and precipitates .00355 gram of chlorine. 


24, Determination of Chlorine.—Having now an 
accurately standardized silver solution, we are in a position 
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to determine the chlorine in any soluble chloride. As sodium 
chloride is easily obtained in a pure state, and is a handy salt to 
work with in other ways, it is a good one to use for practice. 

Weigh out from. 2 to.3 gram of pure, dry sodium chloride, 
and dissolve it in about 60 cubic centimeters of water, in a 
beaker. Care should be taken that this solution shall have 
as nearly as possible the same volume as the solution used 
in standardizing the silver solution. Add 2 or 3 drops of 
potassium-chromate solution, and titrate with the silver 
nitrate in the same manner that the titration was performed 
in standardizing the solution, taking care to add the stand- 
ard solution until the same shade of red is obtained in the 
solution that was produced when standardizing. The num- 
ber of cubic centimeters of solution used multiplied by the 
decinormal factor for chlorine (.00355) gives the weight of 
chlorine in the sample, and from this the percentage is 
obtained in the usual manner. 

As silver chromate is soluble in both acids and alkalies, 
the solution in which chlorine is determined by this method 
must be neutral or very nearly so. If strongly alkaline, it 
should be nearly neutralized with pure nitric acid before 
titration, and if acid, it should be neutralized with sodium 
carbonate. As it is better to have the solution slightly alka- 
line than acid, it is best to add a very slight excess of sodium 
carbonate when neutralizing with this reagent. Sodium 
salts interfere with the reaction less than ammonium or potas- 
sium compounds, hence sodium carbonate should always 
be used in neutralizing an acid solution for this purpose. If 
too much of the silver solution should be added, this may be 
remedied by adding 1 cubic centimeter of decinormal sodium 
chloride, titrating again with silver nitrate, and subtracting 
1 cubic centimeter from the total amount of silver-nitrate 
solution used. | 


IRON 
25. There are several methods of determining iron volu- 
metrically, but only two of these are used to any considerable 
extent. Both of these methods depend upon the oxidation 
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of iron from the ferrous to the ferric state, by means of 
solutions having a known power of action. In either case, 
if the iron is originally in the ferric condition, it must be 
reduced to the ferrous state before titration. In one of these 
methods, potassium permanganate is used as the oxidizing 
agent, and in the other, potassium bichromate is employed 
as the standard solution. The permanganate method is the 
easier to perform, and the end reaction is the clearer, 
hence it is preferred in all cases in which it is applicable, 
but in the presence of hydrochloric acid this solution can 
only be used when special precautions are taken, which render 
the method unsatisfactory in any but experienced hands; 
hence, in the presence of hydrochloric acid, the bichromate 
method is usually employed. 
Gb yp ie. z 
THE PERMANGANATE METHOD 
26. Preparation of the Permanganate Solution.— 
As a permanganate solution is very largely used in the deter- 
mination of iron, it is very handy to have the solution of 
such strength that when 1 gram of sample is taken for 
analysis, the reading of the burette in cubic centimeters 
gives the percentage of iron in the sample directly, thus 
avoiding the necessity of a calculation. To prepare such a 
solution, dissolve about 6 grams of pure potassium perman- 
ganate in water in a liter cylinder, and dilute it nearly to a 
liter. Then weigh out accurately 2 portions of perfectly 
pure ferrous ammonium sulphate Fe(VA,),250,6H,0, 
weighing, respectively, .? and 1.4 grams. — Place these sam- 
ples in beakers; add about 50 cubic centimeters of water 
and 20 cubic centimeters of dilute sulphuric acid to 
each, and bring into solution as rapidly and with as little 
exposure to the air as possible. As soon as solution is com- 
plete, dilute each sample to 150 or 200 cubic centimeters 
with cold water, and titrate each solution with the perman- 
»ganate, carrying the whole operation through as rapidly as 
possible, to avoid oxidation of the iron, by action of the 
air. The solution should be stirred continuously during the 
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titration. As the permanganate falls into the ferrous solu- 
tion, it is rapidly decolorized so long as the solution contains 
ferrous iron. As the end of the reaction is approached the 
color disappears less rapidly, and finally an additional drop 
of the permanganate imparts a permanent pink color to the 
solution, indicating that the reaction is complete. Note the 
volume of solution used, and then titrate the second sample 
in the same manner. From these results, calculate how 
much the solution must be diluted so that 1 cubic centimeter 
of it oxidizes .01 gram of iron, and dilute accordingly. 

As ferrous ammonium sulphate contains exactly one- 
seventh its weight of metallic iron, the sample weighing 
.¢ gram contains .1 gram of iron, and should therefore 
require 10 cubic centimeters of permanganate solution to 
oxidize it; and the sample weighing 1.4 grams should 
require 20 cubic centimeters. After dilution, the solution 
must be tested again in the same manner before it is used, 
in order to be certain that it is strictly correct. As the solu- 
tion is now of such strength that 1 cubic centimeter of it 
oxidizes .01 gram of iron, each cubic centimeter used repre- 
sents 1 per cent. of iron when exactly 1 gram of sample is 
taken for analysis. The reaction is 

10FeSO,+2KMn0,+8H,S0, 
= 5Fe,(SO,),+K,SO,+2MnSO,+8H,0 

Of course, it is not necessary in using this solution to take 
exactly 1 gram of sainple. Any weight may be taken, and 
the weight of iron found by multiplying the number of cubic 
centimeters of solution used by .01. From this the per- 
centage of iron may be obtained in the usual manner. 


2%. Determination of Iron in Ferrous Compounds. 
Weigh exactly 1 gram of ferrous ammonium sulphate, fer- 
rous sulphate, or some other weighable ferrous salt into a 
beaker; add about 50 cubic centimeters of water and 25 cubic 
centimeters of dilute sulphuric acid and bring into solu-_ 
tion with as little delay and exposure to the air as pos 
sible. The acid should be added immediately after the 
water, as otherwise a basic iron salt is likely to separate. 
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The acid also tends tc prevent oxidation. As soon as the 
salt is all in solution, dilute it to about 200 or 250 cubic centi- 
meters with cold water and titrate at once with permanga- 
nate in the same way that is done in standardizing. As in 
this case, exactly 1 gram of sample was taken for analysis, 
the number of cubic centimeters of permanganate used, 
gives the percentage of iron in the sample. If the burette 
was filled to the zero mark to start with, the percentage of 
iron may be read directly from the burette. 

It is not necessary to take just 1 gram of sample for 
analysis. In fact, when working with these salts which only 
contain a small percentage of iron, it is better to use a 
sample weighing from 1.5 to 2 grams. ‘The weight of iron 
in the sample is then obtained by multiplying the number 
of cubic centimeters of permanganate used by .01, and the 
percentage is obtained from this in the usual manner. 


28. Determination of Iron in Ferrie Compounds. 
Weigh a suitable quantity of some soluble ferric compound— 
2 grams of iron alum /eN/72S0,:12/7,0 or an equivalent 
quantity of other weighable ferric compound serves well— 
and dissolve it in about 50 cubic centimeters of water in 
a flask having a capacity of about 250 cubic centimeters. 
To this solution add about 25 cubic centimeters of dilute 
sulphuric acid and 10 grams of granulated zine which is free 
from iron, and heat sufficiently to cause the acid to act 
rapidly on the zinc. A small funnel should be placed in the 
mouth of the flask to catch any particles of iron solution 
which would otherwise be spattered out of the flask and 
lost, and to help keep air out of the flask. The nascent 
hydrogen produced by the action of the acid on the zinc, 
reduces the iron quite rapidly, and in 15 or 20 minutes all 
should be reduced to the ferrous state. 

While the reduction is going on, fold a large filter as 
shown in Fig. 6, and fit it into a large funnel. When 
reduction is complete, pour the contents of the flask into 
this filter. Add about 100 cubic centimeters of cold water 
and 5 cubic centimeters of sulphuric acid to the flask, shake 
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it around to rinse the flask, and as soon as the liquid has run 
through the filter, pour this on to the filter, thus rapidly wash- 
ing out any iron that may remain in the 
paper. The funnel which was placed 
in the mouth of the flask during reduc- 
tion should also be rinsed with this 
water as it is poured into the flask. 
Wash the flask and filter once more 
ypth cold water, and then titrate at 
once with permanganate. The calcu- 
lation, of course, is the same as in the 
last instance. 

Most chemists advise allowing the 
solution to stand until the zinc is en- 
tirely consumed by the acid, replenish- 
ing the acid, if necessary, and then 
titrating without filtering, thus avoid- 
ing the necessary exposure of the liquid 
to air during filtration. It is the 
writer’s experience, however, that 
equally accurate results are obtained 
when the solution is filtered, that much time is saved in this 
way, and the danger of getting particles of zinc into the 
solution is thus avoided. If any zinc is in the solution— 
which must be strongly acid—during titration, the nascent 
hydrogen thus generated decolorizes the permanganate 
rapidly, and to almost an indefinite extent, thus rendering 
titration impossible. The student is advised to try both of 
these methods of treating the reduced solution, and to note 
the one which he prefers, for this is one of the determina- 
tions frequently met in analytical work. 
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THE BICHROMATE METHOD 
29. Preparation of the Bichromate Solution.—Like 
the permanganate, the bichromate solution is generally 
made up so that 1 cubic centimeter ‘of it oxidizes .01 gram 
of iron. The reaction of this case is 
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6FeCl, + K,Cr,O,+14HC 
= 6FeCl,+2KCl+2CrCl,+7H,O 

Hence, a solution, 1 cubic centimeter of which will oxidize 
.01 gram of iron, contains approximately 8.8 grams of 
potassium bichromate to the liter. To make this solution, 
dissolve from 8.8 to 9 grams of pure potassium bichromate 
in somewhat less than a liter of water, in a graduated liter 
cylinder, and shake the solution well to secure thorough 
mixing. Now make up a ferrous solution by dissolving 
.7 or 1.4 grams of pure ferrous ammonium sulphate in about 
50 cubic centimeters of water and 20 cubic centimeters 
of dilute sulphuric acid, and dilute to about 200 cubic 
centimeters with cold water. To this ferrous solution, add 
bichromate from a burette until the iron is just oxidized 
completely. From the volume of bichromate required for 
this, calculate how much the solution must be diluted, and 
add water accordingly. The full calculated amount of water 
should not be added at once, however; but a few cubic 
centimeters less than the calculated amount should first be 
added and the solution again titrated. From the result 
obtained by this titration, the solution may be diluted to the 
proper strength, but it should not be accepted as correct 
until it has been tested by titrating another ferrous solution 
in the same manner. 

There is nothing in the appearance of the solution to show 
when the reaction is complete, hence some other means of 
determining this must be adopted. For this purpose, place 
several drops of a solution of potassium ferricyanide, which 
has been freshly prepared from the very purest materials, on 
different parts of a clean porcelain plate. When it is thought 
that nearly enough bichromate has been added to oxidize 
the iron, stir the solution well, and remove a drop of it on 
the end of the stirring rod. Place this on the plate beside a 
drop of the ferricyanide, and by tipping the plate, bring the 
two drops in contact with each other. Ifa blue precipitate 
or coloration is formed, it shows that the solution contains 
iron which is in the ferrous condition, and, consequently, 
that the reaction is not complete. Add a few drops more of 
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the bichromate, stir the solution well, and bring a drop of it 
in contact with another drop of ferricyanide on the porce- 
lain plate. Continue this treatment until complete oxidation 
is obtained. As the end of the reaction is approached, the 
blue color grows fainter, and finally a point is reached at 
which a blue color is not imparted to the drop of test solu- 

<< immediately, but will appear after standing a few 

i moments. At this point, 1 or, at most, 2 more drops of the 

y bichromate will usually be sufficient to complete the reac- 
tion. When complete, no blue color will be imparted to the 
test reagent, but a yellowish coloration will be produced. 
The exact point at which this reaction is complete may be 
rather difficult to recognize at first, but after a little practice 
it becomes quite easy, and the student is advised to make 
himself familiar with this process, as it is very often used in 
practical analytical work. 

As potassium bichromate is a weighable salt, if a perfectly 
pure sample is at hand, the above method of standardizing 
the solution is not necessary, for the exact amount of 
bichromate may be weighed up, dissolved, and made up to 
an exact liter. If this method is employed, place some pure 
potassium bichromate in a porcelain or platinum dish and 
heat it till certain that all moisture is driven off. It is gen- 
erally advised to heat the salt until it commences to fuse, 
but some chemists prefer to heat in the air bath at 110° 
until perfectly dry. For this purpose either method may be 
employed. When dry, cool the salt in a desiccator, weigh 
out exactly 8.764 grams, dissolve it in pure water, and 
make up to exactly 1 liter in a graduated flask. If perfectly 
pure potassium bichromate is used, 1 cubic centimeter of 
this solution will oxidize .01 gram of iron; but to avoid the 
possibility of an error in the strength of the solution, due to 
impurity in the salt, when the solution is made in this way, 
it should always be tested against a ferrous solution of known 
strength before it is used. 


80. Determination of Iron in Ferrous Compounds. 
Weigh out 1 or 2 grams of a perfectly pure dry sample of 
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some soluble ferrous compound which admits of exact 
weighing, place it in a beaker, and dissolve it in from 50 to 
100 cubic centimeters of water and 25 cubic centimeters 
of dilute sulphuric or hydrochloric acid, completing the 
solution as rapidly and with as little exposure to air as 
possible. Probably sulphuric acid is better than hydrochloric 
for this purpose, for solutions containing it do not appear tag 
be acted upon by the air so rapidly as those acidified ea 
hydrochloric acid. So far as the titration is concerned, | 
ever, there is probably no difference, or if there is any di 
ence, it is in favor of hydrochloric acid. As soon as all the 
salt is in solution, dilute to 200 or 250 cubic centimeters and 
titrate it with the bichromate in the same way that this was 
done in standardizing the solution. If exactly 1 gram of 
sample was taken for analysis, the number of cubic centi- 
meters of solution used, gives the percentage of iron 
sample directly. If any other weight of sample was te : 

' the number of cubic centimeters of solution used divided 
by this weight gives the percentage of iron 
with this solution, it is always best to dissolw ro portions 
of the sample. To one of these add the bichromate, 5 5 cubic 
centimeters at a time, until it is thought that the point of 
complete oxidation is nearly reached; then add the solution, 
1 cubic centimeter at a time, stirring well and testing after 
each addition of standard solution. In this way, the approx- 
imate amount of bichromate solution required is learned 
from the first sample. Now, to the second sample, add 
nearly the required volume of bichromate solution at once, 
and then complete the titration very cautiously. By using 
one solution in this way to learn the approximate volume of 
bichromate required, much time is saved, and the results 
obtained are probably more accurate, as the solution suffers 
less exposure to the air. 


31. Determination of Iron in Piano Wire.—Weigh 
out from .3 to .5 gram of bright, clean piano wire, and place 
it in arather small beaker. Add about 5 cubic centimeters 
cf water, then from 15 to 20 cubic centimeters of concentrate 


if 
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hydrochloric acid; cover the beaker with a watch glass and 
heat till the wire is completely dissolved. Dilute this solu- 
tion with an equal volume of water, and bring it to boiling. 


chloride from a pipette or burette, until the color 
lution becomes very light. Then add to the solution 
Ss ata time, pausing a moment after each addi- 
continue this treatment until the solution becomes 
Olorless. Then add from 1 to 4 drops of solution— 


s avoiding any considerable excess. Wash this 
solution into a larger beaker and dilute it to 200 or 


water. To this Matton add 15 cubic centi- 
ic AM ride solution all at once; stir well, 
1 minute, and then titrate with the bichromate 
umber of cubic centimeters of bichromate 
ivided by the weight of sample taken, gives 
iron in the sample. Piano wire usually 
19.6 per cent. of pure iron. 
-chloride solution is made up in different 
ways and of various strengths. A:dilute solution is generally 
advised by the authors of works on chemistry, but a much 
stronger solution is generally employed in technical labora- 
tories. Two methods of making up this solution are here 
given. The first is the solution usually recommended in 
chemical works, and the second is one largely used in iron 
and steel works’ laboratories. 

1. Weigh 12 grams of pure metallic tin into a porcelain 
dish, add a piece of platinum foil, then cover the tin with 
200 cubic centimeters of concentrate hydrochloric acid, and 
heat till allis dissolved. Remove the platinum foil, dilute 
to 1 liter, and keep ina tightly stoppered bottle containing 
some metallic tin. 

2. Weigh 100 grams of stannous chloride into a porcelain 
dish, add 100 cubic centimeters of concentrate hydrochloric 
acid, 300 cubic centimeters of water, and a little metallic tin, 


and boil till the solution is clear and colorless. Dilute the 
TL T7622 
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solution to 500 cubic centimeters with a solution of 1 part of 
hydrochloric acid and 3 parts of water, and keep in a tightly 
stoppered bottle containing metallic tin. 

Many chemists prefer a more strongly acid solution, and 
some dissolve the stannous chloride in a solution containing 
equal parts of concentrate hydrochloric acid and water, 

The reaction which takes place, when one of th 
nous solutions is added to a ferric solution, is 


2FeCl, + SnCl, = 2FeCl, + SnCl, 


unless considerable care is exercised there is danger of Pee 
ting too great an excess of stannous chloride in the iron solu- 
tion. With a dilute stannous solution, - this is mor easily 
regulated, as a few drops more or less ‘do not make ‘great 
difference; but this dilute solution reduces the iros 
more slowly. For these reasons, two solutions are some 
used. In this case, a strong solution is added unti ‘ 
of the iron solution is almost destroyed, and the re duction is 
then completed, using the dilute solution; but ify proper care 
is taken the reduction may be satistactonmim accomplished 
with one solution. A slight excess of stannous chloride must 
be added to the solution to make sure that the iron is com- 
pletely reduced, but if this excess were left in the solution, 
it would reduce some of the bichromate and render the 
results inaccurate. A small amount of stannous solution may 
be rendered harmless by adding an excess of mercuric- 
chloride solution, if the conditions are right. In order that 
this shall succeed, the solution rnust be cool, must not con- 
tain a large amount of tin, and the mercuric-chloride solu- 
tion must be added quickly, or all at once. The reaction 
produced in this case is 


SaCl,4+2HgCl, = SnCl, +2HgCl 
and the success of the reaction is indicated by a white silky 
precipitate. If too much tin is present, if the solution is hot, 


or if the mercuric solution is added slowly, gray metallic 
mercury separates and interferes with the reaction when the 


QUANTITATIVE ANALYSIS, PART 2 35 


bichromate is added. If no precipitate is formed when the 

mercuric solution is added, it shows that no stannous chloride 

is present, and, consequently, that reduction is probably not 

complete; hence, a white silky precipitate should be obtained 

at this point, hero’ the results obtained are accepted as cor- 
rect. A saturated solution of mercuric chloride is used for 
y this: purpose, and the solution should always contain some of 
34 ‘the undissolved salt. The potassium- -ferricyanide solution. 
+ us ised as indicator, must be perfectly pure, and must be freshly 
“prepared when wanted, as it is partially converted into ferro- 
ae oe upon standing. 
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CALCIUM 


32. Determination of Calcium by Potassium Per- 
manganate. —As we have already seen, there is no very 
satisfactory gravimetric method for the determination of 
calcium when a blast lamp and platinum crucible are not 
available; hence, the following volumetric method, which 
yields very accurate results when properly executed, is very 
handy in many cases. It is carried out as follows: Weigh 
out, accurately, about .5 gram of pure, dry calcium carbon- 
ate; place it in a beaker of rather deep form, cover the 
beaker with a watch glass, and dissolve the sample in a slight 
excess of hydrochloric acid, sliding the watch glass a little to 
one side while adding the acid. Apply gentle heat to com- 
plete the solution, if necessary. When solution is complete, 
dilute to about 100 cubic centimeters with water, and add 
10 or 15 cubic centimeters of concentrate ammonia. If this 
causes a precipitate, dissolve it in concentrate hydrochloric 
acid, and again render the solution strongly alkaline with 
ammonia. The ammonium chloride formed when the pre- 
cipitate is dissolved in hydrochloric acid will now keep the 
caicium in solution. Heat the solution to boiling and pre- 
cipitate the calcium with a slight, but distinct, excess of 
ammonium oxalate, adding the reagent slowly and with con- 
stant stirring. Continue the boiling for a few moments, and 
then stand the beaxer and contents in a warm place for 
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4 hours, for the precipitate to collect and settle, taking care 
that the solution remains strongly alkaline throughout the 
operation. 

Decant the clear liquid through a filter, leaving the pre- 
cipitate undisturbed. Add about 100 cubic centimeters of 
water and 2 or 3 cubic centimeters of ammonia, heat to 


boiling, and again allow the precipitate to subside. Now | 


bring the precipitate on to the filter through which the | 
solution was decanted, and wash with water containing a — 


little ammonia, until all ammonium oxalate is washed out. 


Then wash twice with pure water, which has been recently i 
distilled or has just been boiled. Place a rather large clean — 


beaker under the funnel, break the apex of the filter with a 
glass rod, and wash as much as convenient of the precipitate 
into the beaker with water. ‘Then wash the rest of the pre- 
cipitate from the filter with hot dilute sulphuric acid, allowing 
these washings to run into the beaker with the precipitate. 
A solution of 1 part of acid to 4 parts of water is probably 
the best strength to use for this purpose. At least 150 cubic 
centimeters of acid solution should be used in washing the 
filter, and more may be used if necessary. It should be 
washed, at all events, until every particle of precipitate is 
removed to the beaker. Now dilute the solution to about 
500 cubic centimeters, and heat to 70° or 80°, while stirring 
from time to time. The precipitate will usually be entirely, 
or nearly, dissolved at this point, and probably most of the 
calcium has been changed to sulphate and the oxalic acid set 
free. While the solution is at this temperature, titrate it 
with permanganate, adding this solution as rapidly as possi- 
ble, to prevent its expansion in the burette, due to the heat 
from the calcium solution. The reaction is complete when 
the solution assumes a permanent pink tint. From the 
volume of permanganate used, the weight or percentage of 
calcium .oxide CaO is readily obtained, and from this the 
weight or percentage of calcium can readily be calculated if 
it is wanted. A permanganate solution, standardized for 
the determination of iron, is peculiarly adapted to the deter- 
mination of calcium oxide, on account of the relation of the 
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atomic weights. The action of the permanganate and 


sulphuric acid on the calcium oxalate may be expressed in 
one equation, as follows: 


2K MnO,+5CaC,0,+8H,S0, 
= 5CaSO,+4+2MnSO,+ K,SO,+8H,O+ 1000, 


Thus we see that 2 molecules of potassium permanganate, 
which oxidize 10 atoms of iron, oxidize 5 atoms of calcium, 
or, more correctly, 5 molecules of oxalic acid with which the 
calcium is united. As the molecular weight of calcium oxide 
and the atomic weight of iron are the same, it is evident from 
the above equation that a certain volume of potassium 
permanganate represents just half as much calcium oxide, by 
weight, as it does iron. Hence, 1 cubic centimeter of a 
permanganate solution which is equal to .01 gram of iron, is 
equal to .005 gram of calcium oxide. If exactly 1 gram of 
sample is taken, the percentage of CaO may be obtained by 
dividing the number of cubic centimeters of permanganate 
used by 2, provided the permanganate is of such strength 
that each cubic centimeter of it represents 1 per cent. of iron. 
If .5 gram of sample is taken, the number of cubic centi- 
meters of permanganate used gives the percentage directly. 
Having obtained the weight or percentage of calcium oxide 
in this way, the percentage of calcium may be calculated. 
The method of determination of calcium as oxide should be 
read in connection with th:s determination. 

Instead of washing the precipitate off of the filter, many 
chemists prefer to place the precipitate and filter in a large 
beaker, covering them with hot dilute acid, and stirring well 
with a glass rod to break up the paper. Then dilute the 
solution, heat it to 70° or 80° and titrate with permanganate, 
asin the other case. It has been stated that the pieces of filter 
paper in the solution may have an action on the permanga- 
nate, but experience does not appear to justify this objection. 

Dilute hydrochloric acid that does not contain free chlorine 
may be used to dissolve the precipitate, as there is no danger 
of chlorine being liberated in this case, but sulphuric acid is 
generally preferred for this purpose. 
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"¥ ‘ 
VOLHARD’S METHOD FOR CHLORINE, BROMINE, 
IODINE, SILVER, AND COPPER 


PREPARATION OF SOLUTIONS 


33. Ferric Indicator Solution.—A ferric solution is 
used as an indicator in this process. It is usually made by 
dissolving iron alum FeNH,2S0,:12H,O in water until a 
saturated solution is obtained, and adding to this an equal 
volume of pure concentrate nitric acid that has recently been 
boiled to expel lower oxides of nitrogen. 


34. Decinormal Silver Nitrate.—This solution con- 
tains 10.8 grams of metallic silver, or 17 grams of silver 
nitrate, ina liter. To prepare it, weigh exactly 5.4 grams 
of pure metallic silver into a graduated 500-cubic-centimeter 
flask, and dissolve it in pure nitric acid of about 1.2 specific 
gravity. A mixture of equal parts of concentrate acid and 
water serves well for this purpose. Boil this solution to 
expel any nitrous acid that may be present, allow it to cool, 
dilute to exactly 500 cubic centimeters, and shake well to 
secure thorough mixing. If pure metallic silver is not at 
hand, a decinormal silver-nitrate solution may be made up, 
as previously directed, or exactly 8.5 grams of pure silver 
nitrate, which has been heated to 120°, and cooled in a desic- 
cator before weighing, may be dissolved in water and made 
up to exactly 500 cubic centimeters in a graduated flask. 


35. Decinormal Ammonium Sulphocyanide.—As 
this salt is quite deliquescent, a solution cannot be made by 
weighing up a definite quantity of the salt and diluting to 
the proper volume, hence an approximate solution must be 
made up and standardized against a correct decinormal silver 
solution. To make this solution, weigh out 4.2 or 4.3 grams 
of the fairly dry, pure ammonium sulphocyanide, dissolve 
it in water in a liter cylinder, dilute to about 500 cubic 
centimeters, and shake well to secure thorough mixing. 
From a burette, measure exactly 10 cubic centimeters of the 
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silver solution into a beaker, add 10 cubic centimeters of the 
ferric indicator, and dilute to 100 cubic centimeters. Now 
from another burette add sulphocyanide solution, until the 
last drop imparts a permanent red color to the solution. 
Repeat this titration and from the mean of two or three 
trials calculate how much water must be added, and dilute 
until 1 cubic centimeter of this solution is exactly equivalent 
to 1 cubic centimeter of the silver solution. After this dilu- 
tion, shake the solution well, to secure thorough mixing, and 
titrate another portion of the silver solution with it to make 
sure that it exactly matches the silver solution. This solution 
should be kept in a tightly stoppered bottle in a cool dark 
place. If protected from the air, it retainsits exact strength 
for a long time. 


DETERMINATIONS 

36. Determination of Chlorine.—Weigh from .2 to 
.38 gram of pure, dry sodium chloride into a beaker, and dis- 
solve it in about 100 cubic centimeters of water. Froma 
burette, introduce decinormal silver solution until all the 
chlorine is precipitated, and the solution contains a slight 
excess of silver. Note the exact amount of silver solution 
added. Now add 10 cubic centimeters of the ferric indi- 
cator, and determine the excess of silver in the solution by 
titration with sulphocyanide. The number of cubic centi- 
meters of sulphocyanide used in titrating the excess of silver, 
subtracted from the total volume of silver nitrate added to 
the solution, gives the number of cubic centimeters of deci- 
normal silver solution used in precipitating the chlorine; 
and this number multiplied by .00355 gives the weight of 
chlorine in the sample. Knowing this, and the weight of 
sample taken, the percentage of chlorine in the sample is 
readily calculated in the usual manner. 

Sodium chloride is mentioned here because it is a handy 
salt to work with, and is easily obtained in a pure state. Of 
course, any other soluble chloride that admits of exact 
weighing would do just as well for practice, and ammonium 
chloride is frequently used. 
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Instead of weighing out .2 or .8 gram of sodium chloride, 
dissolving, and titrating directly, the following method is 
frequently employed: Weigh out 1 gram of sodium chloride, 
or a corresponding quantity of other chloride, dissolve it 
in water, dilute to 250 cubic centimeters in a graduated 
flask which holds exactly five times as much as a 50-cubic- 
centimeter pipette, and shake well to secure thorough 
mixing. By means of the pipette, which is known to 
be in harmony with the flask, remove 50 cubic centimeters 
of the solution to a beaker, dilute to 100 cubic centimeters, 
and run in a slight excess of decinormal silver solution. 
Now add 10 cubic centimeters of ferric indicator, and titrate 
the excess of silver with decinormal sulphocyanide. Repeat 
this titration with one or two more quantities of the original 
solution, and from the mean of the results yielded by these 
titrations calculate the percentage of chlorine in the sample. 
As the original sample is dissolved, and made up to 250 cubic 
centimeters, and 50 cubic centimeters of this solution are taken 
for titration, one-fifth of the weight of sample taken is used 
for each titration, and the calculation must be made accord- 
ingly. This, of course, may be done by multiplying the 
average of several titrations by 5, to obtain the volume of 
decinormal silver solution which would be required to pre- 
cipitate the chlorine in the original sample, and using the 
weight of the original sample as a basis of calculation; or the 
average of several titrations may be taken as the volume of 
silver solution used, and one-fifth the weight of the original 
sample taken as the basis of calculation. 

This method, if properly executed, probably yields more 
accurate results, as a rule, than those obtained by weighing 
out a small sample and titrating directly, for a slight error 
in weighing does not cause so serious an error in the results, 
as it is divided by 5, and by taking the average of two or 
more titrations a more accurate result is obtained than is 
possible with a single titration. This method of procedure 
may be applied in every case, and the results obtained by it 
are probably more trustworthy than those obtained by 
weighing up a small sample and titrating directly. 
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3%. Determination of Bromine.—Weigh out .3 or 
.4 gram of potassium bromide, and dissolve it in from 100 to 
200 cubic centimeters of water in a beaker. Add 10 cubic 
centimeters of the ferric indicator, and then from a burette 
run in a few drops of sulphocyanide to strongly color the 
solution, noting the exact volume of sulphocyanide added. 
Now, from another burette, run in decinormal silver solu- 
tion, with constant stirring, until the color is completely 
removed from the solution. Then titrate back with deci- 
normal sulphocyanide, until the last drop imparts a perma- 
nent color to the solution. The total amount of sulphocy- 
anide added to the solution subtracted from the volume of 
silver solution used gives the quantity of silver solution used 
in precipitating the bromine, and this multiplied by .008 
gives the weight of bromine inthe sample. In doing this, 
the sulphocyanide added to give the solution its color must 
be counted in. 

Instead of weighing up a small sample and titrating 
directly, a sample weighing about 1 gram may be dissolved, 
and diluted to 250 cubic centimeters; and 50-cubic-centimeter 
quantities of this solution may be taken for titration, as in 
the determination of chlorine. 


838. Determination of Iodine.—Dissolve about .3 gram 
of pure, dry potassium iodide in about 150 cubic centi- 
meters of water in a glass-stoppered flask that will admit of 
vigorous shaking. From a burette run in the decinormal 
silver solution until there appears to be a slight excess; then 
add about 2 cubic centimeters more silver solution, stopper 
the flask, and shake vigorously to bring into reaction any 
soluble iodide that may be enclosed in the precipitate. Note 
the volume of silver solution used. Now add 10 cubic centi- 
meters of the ferric indicator, and titrate with the decinormal 
sulphocyanide solution, giving the flask a rotary motion, as 
the sulphocyanide flows in, to mix the contents of the flask. 
When the solution assumes a red color, that appears to be 
permanent, place the stopper in the flask and shake vigor- 
ously, when, as a rule, the color will disappear. Continue 
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to add the sulphocyanide solution a drop at a time, shaking 
after each addition, until the solution assumes a red tinge, 
which is not destroyed by continued agitation. The volume 
of sulphocyanide used subtracted from the volume of silver 
solution added gives the amount of silver solution used in 
precipitating the iodine, and this number multiplied by 
.0127 gives the weight of iodine in the sample. From this 
the percentage is calculated in the usual manner. 


39. Determination of Silver.—Weigh out accurately 
about .5 gram of pure, dry silver nitrate, and dissolve it in 
about 100 cubic centimeters of water in a beaker. Add 
10 cubic centimeters of the ferric indicator, and titrate with 
decinormal sulphocyanide, stirring the solution as the sulpho- 
cyanide is added. As each drop of the sulphocyanide strikes 
the silver solution, it produces a reddish cloud, which imme- 
diately changes to a white precipitate upon stirring, and 
gives the solution a milky appearance. As the point of 
saturation is approached, the precipitate becomes flocculent 
and settles quickly; and finally a point is reached at which a 
drop of sulphocyanide produces a reddish tinge, which is not 
destroyed by stirring, showing that the reaction is complete. 
The nuinber of cubic centimeters of sulphocyanide solution 
used multiplied by .0108 gives the weight of silver present, 
and from this the percentage is calculated. 

It is just as well in making this determination to weigh 
out from 1 to 2 grams of silver nitrate, dissolve it in water, 
make the solution up to 250 cubic centimeters in a graduated 
flask, and withdraw several portions of 50 cubic centimeters 
each for titration. If this method is employed, each portion 
of 50 cubic centimeters should be diluted to about 100 cubic 
centimeters with water, and 10 cubic centimeters of ferric 
indicator added before titration. 


40. Determination of Copper.—Weigh out 1 gram, 
or thereabouts, of pure, dry copper sulphate CuSO,:5//,0, 
and dissolve it in from 75 to 100 cubic centimeters of water 
inva graduated 250-cubic-centimeter flask. Heat this solution 
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to boiling, treat it with sulphurous acid until it smells 
distinctly of sulphur dioxide, and while hot, add an 
excess of decinormal sulphocyanide solution from a burette, 
noting the exact amount of sulphocyanide solution added, 
Allow the flask to stand until the solution cools to the 
temperature for which the flask is graduated. Then fill 
it exactly to the mark, mix thoroughly, and, using a dry 
funnel, filter through a dry filter paper into a perfectly dry, 
clean beaker, 

By means of a pipette, remove 50 cubic centimeters of this 
filtrate to another beaker, dilute to 100 cubic centimeters 
with water, and add 10 cubic centimeters of indicator. Then 
from a burette, slowly add silver solution while constantly 
stirring the solution until the color is destroyed, and from 
another burette, cautiously introduce sulphocyanide, until 
the solution assumes a faint reddish tinge. This last quan- 
tity of sulphocyanide subtracted from the volume of silver 
solution used to decolorize the solution gives the amount of 
silver solution necessary to saturate the excess of sulpho- 
cyanide in 50 cubic centimeters of the original solution, and, 
as these solutions are matched, it, of course, represents the 
excess of sulphocyanide in 50 cubic centimeters of the 
solution. 

Repeat this titration with a second and third portion of 
50 cubic centimeters each, and take the average of the three 
titrations as representing the excess of sulphocyanide in 
50 cubic centimeters of the solution. Multiplying this number 
by 5 gives the excess of sulphocyanide in the original solu- 
tion, and subtracting this from the total amount of sulpho- 
cyanide added to the original solution gives the volume of 
sulphocyanide used to precipitate the copper. This number 
multiplied by .00635 gives the weight of copper in the 
sample, and from this the percentage of copper is readily 
calculated. The precipitate formed when sulphocyanide is 
added toa copper solution containing an excess of sulphurous 
acid is cuprous sulphocyanide Cu(SCV). This method for 
copper is not accurate in the presence of chlorine, bromine, 
iodine, silver, mercury, or iron. 
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THE CYANIDE METHOD FOR COPPER 


41. Preparation of the Potassium-Cyanide Solu- 
tion.—The potassium-cyanide solution used for this deter- 
mination is usually made of such strength that each cubic 
centimeter of solution used represents .01 gram of copper. 
To make this solution, dissolve 55 grams of potassium cyanide 
in water, dilute to nearly 1 liter in a stoppered liter cylinder, 
and shake well to secure thorough mixing. Now weigh out 
exactly 1 gram of strictly pure copper foil, place it in a 
beaker of rather deep form, cover the beaker with a watch 
glass, and slowly add a little more dilute nitric acid than will 
be required to dissolve the copper, drawing the watch glass 
slightly to one side as the acid is added. Heat gently to aid 
the solution, and when all the copper is dissolved, evaporate 
the solution to a small bulk—say 12 or 15 cubic centimeters. 
Wash this solution into a graduated 250-cubic-centimeter 
flask, taking care that every particle of copper solution gets 
into this flask, dilute exactly to the mark, and mix the solu- 
tion thoroughly. 

By means of a pipette, remove 50 cubic centimeters of this 
solution to a beaker, dilute it to 200 cubic centimeters, add 
a strong solution of sodium carbonate, until a permanent 
precipitate is formed, and then add exactly 1 cubic centi- 
meter of concentrate ammonia. This will generally dissolve 
the precipitate formed by the sodium carbonate, and leave a 
deep-blue solution, but whether the precipitate is all dis- 
solved or not is immaterial. From a burette, slowly intro- 
duce the cyanide solution into this solution, while stirring 
it constantly, until the last drop removes the last trace of 
color. 

As 1 gram of pure copper is dissolved, and one-fifth of the 
solution is taken for titration, the portion titrated contains 
.2 gram of metallic copper. Hence, in order to have 1 cubic 
centimeter of the potassium-cyanide solution represent 
.01 gram of copper, 20 cubic centimeters of this solution should 
be used to decolorize the copper solution. The potassium- 
cyanide solution, however, is purposely made stronger than 
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this, and from the quantity of it used to aecolorize the cop- 
per solution, the amount that it must be diluted is calcu- 
lated. The solution is now diluted almost to the calcula- 
ted volume, mixed thoroughly, and two more quantities of 
50 cubic centimeters each, are titrated in the same way that 
the first one was done. From the average of these two titra- 
tions, calculate how much water must be added to the solu- 
tion, dilute accordingly, and mix the solution thoroughly. 
Then, as a check, titrate another quantity of 50 cubic centi- 
meters of the original copper solution, diluting, neutralizing, 
and titrating in exactly the same way as the other portions. 
Exactly 20 cubic centimeters of the potassium cyanide should 
now be required to decolorize the copper solution. 

Instead of dissolving exactly 1 gram of copper, making up 
the solution to 250 cubic centimeters, and using 50 cubic 
centimeters for titration, we may weigh out a smaller quan- 
tity of pure copper foil—say, approximately, .2 or .3 gram— 
place it in a beaker, dissolve in dilute nitric acid, evaporate 
the solution to about 3 cubic’ centimeters, dilute to 200 cubic 
centimeters with pure cold water, neutralize with sodium 
carbonate, add 1 cubic centimeter of concentrate ammonia, 
and titrate with the potassium-cyanide solution, as previously 
described. In this case the solution should be diluted nearly 
to the calculated volume, and mixed well. Then a second 
quantity of copper should be dissolved and the solution 
titrated after treating it in exactly the same way as the first 
one. From this result, calculate how much more the solu- 
tion must be diluted, and add the caiculated amount of water. 
The solution should now be tested before it is used, by dis- 
solving and titrating another quantity of the copper. 

In case pure copper foil is not at hand, pure crystallized 
copper sulphate CuSO, 5/7,0 may be used to standardize the 
cyanide solution. If this method is employed, weigh out 
about 1 gram of the pure salt, dissolve it in about 200 cubic 
centimeters of water and 1 cubic centimeter of nitric acid; 
neutralize with sodium carbonate, add 1 cubic centimeter of 
concentrate ammonia, and titrate with the potassium-cyanide 
solution. As the composition of copper sulphate is known, 
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the weight of copper in the solution thus made up is readily 
calculated, and from this the calculations are made, and the 
solution diluted in the same way that it is done when copper 
foil is used. 


42, Determination of Copper.—Having now an 
accurately standardized solution of potassium cyanide, we 
are in a position to determine copper in its compounds 
or ores. The determination of copper in the sulphate 
serves well for practice. This is done as follows: Weigh 
out, accurately, 1 gram of pure copper-sulphate crystals 
CuSO,5H,O, and dissolve in a beaker, in 200 cubic centi- 
meters of pure cold water, to which is added 1 cubic centi- 
meter of nitric acid. To this solution, add a rather strong 
solution of sodium carbonate while stirring continuously, 
until the neutral point is reached and a permanent precipi- 
tate is formed. Then add 1 cubic centirneter of concentrate 
ammonia, which will generally dissolve the precipitate and 
leave a deep-blue solution. If this should fail, it makes no 
difference, as the cyanide will dissolve the precipitate, and 
there is enough ammonia present so that the point at which 
the reaction is complete imay be easily recognized. 

From a burette, slowly introduce the potassium-cyanide 
solution, while stirring the copper solution constantly, until 
the blue color is entirely destroyed. Note the volume of 
potassium-cyanide solution used to decolorize the copper 
solution, and from this, calculate the amount of copper. If 
exactly 1 gram of sample was taken for analysis, the percent- 
age of copper may be read directly from the burette, as each 
cubic centimeter of solution used in this case represents 
1 percent. of copper. If any other weight of sample is taken, | 
the weight of copper is obtained by multiplying the number 
of cubic centimeters of cyanide solution used by .01; and 
from this weight the percentage of copper in the sample is 
calculated in the usual manner. 

It will probably be rather difficult at first to recognize the 
exact point at which this reaction is complete, but after a 
little practice the eye becomes accustomed to the change, 
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and the exact point is easily recognized. Great care must 
be taken to carry the titration to the same point in making 
actual determinations, as in standardizing the solution. In 
fact, all the conditions should be as nearly the same as pos- 
sible. When this method was first used, sodium carbonate 
was not added, but the copper solution was simply rendered 
alkaline with an excess of ammonia, and titrated. It was 
soon found that the different quantities of ammonia added, 
and especially the varying proportions of copper and ammo- 
nia in different solutions, yielded discordant results. To 
overcome this difficulty, the solution is now usually neutral- 
ized with sodium carbonate, and only a small amount 
of ammonia is added. One cubic centimeter concentrate 
ammonia is all that is really required, but if preferred, 2, 5, 
or even 10 cubic centimeters ammonia may be used. 
When so much ammonia is added, however, great care must 
be taken to have as nearly as possible the same weight of 
copper in the solution when making a determination as when 
standardizing the solution, or the varying proportions of 
copper and ammonia will introduce an error in the work. It 
is necessary, of course, to add the same volume of ammonia 
in a determination that was added to the copper solution in 
standardizing, and it is desirable to have about the same 
amount of copper in the solution when making an actual 
determination that was used in standardizing the solution, 
even if the amount of ammonia added is small. Copper may 
be determined by this method in the presence of iron, but it 
is usually recommended to add some iron solution to the 
copper solution used in standardizing, when iron is to be 
present in the solution in which copper is determined. 


THE IODIDE METHOD FOR COPPER 


43. Preparation of Sodium-Thiosulphate Solution, 
Sodium thiosulphate Va,S,0,5H,O readily loses part of its 
water of crystallization, and while it is possible to prepare a 
standard solution by exactly weighing pure crystals, it is 
always best to standardize the solution. Weigh out 39.2 grams 
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Na,S,0,'5H,O, dissolve in distilled water, and dilute to 
1,000 cubic centimeters. The reactions by which copper is 
determined with this solution are as follows: 


2CuSO,+4KI = Cu,l,+ 21-4 2K,S0, 
2/+2Na,S,0, = Nal + Na,S,0O, 


From these equations it will be seen that 1 molecule of 
Na,S,O, corresponds to 1 atom of copper. Consequently, a 
solution containing in 1 liter 39.055 grams of Va,S,O0, 57,0 
will be of such a strength that 1 cubic centimeter will corre- 
spond to .01 gram Cu. 

To standardize the thiosulphate solution, weigh out accu- 
rately about .2 gram pure copper, place it in a flask of about 
250 cubic centimeters capacity, add 5 cubic centimeters 
HNO,, and boil to complete solution of the copper and to 
drive off most of the HNVO,. This is best accomplished by 
nolding the flask with a clamp and while constantly shaking 
it heat with a flame. When all theacid except about 1 cubic 
centimeter is evaporated, allow the flask to cool, add 
20 cubic centimeters distilled water and 5 cubic centimeters 
concentrated ammonia. The solution should be clear and 
have a deep-blue color. Again heat over the flame and 
boil for 2 minutes. Cool and add 6 cubic centimeters con- 
centrated acetic acid. The solution should again be clear 
and should be acid. Now dilute to about 150 cubic centi- 
meters with distilled water, add about 3 grams pure potas- 
sium iodide, and shake until this is dissolved. The liquid 
will turn brown and look muddy. Run in the thiosulphate 
from a burette until the brown color has nearly all disappeared 
and then add 5 cubic centimeters of a cold starch solution, 
which is prepared by stirring 1 gram pure starch with a little 
water and pouring into 100 cubic centimeters boiling water. 
This solution should not be more than a day or two old. The 
addition of the starch solution causes the liquid to turn dark. 
The color depends on how near the reaction is complete 
before the starch is added. If only a very small amount of 
free iodine is left in the solution, it will turn blue, otherwise 
it will turn a dirty gray. Cautiously continue the addition 
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of the thiosulphate, shaking the flask after each addition 
until the blue color disappears and the contenis of the flask 
appear white and milky. It requires some practice to get 
the end point; but it is very easy to learn to hit it very 
sharply. Repeat the determination until agreeing results 
are obtained. From the weight of copper and number of 
cubic centimeters of thiosulphate used, calculate the value in 
copper for each cubic centimeter and dilute to make the solu- 
tion of such a strength that 1 cubic centimeter corresponds 
to.01 gram Cu. Pure copper sulphate may be substituted 
for the metallic copper in standardizing. If this is done, 
weigh out about 1.8 gram CuSO,'5//,0, transfer to a 250-cubic 
centimeter flask, dissolve in 25 cubic centimeters water, add 
5 cubic centimeters ammonia, boil, cool, add 6 cubic centi- 
meters acetic acid, and proceed as in standardizing with 
metallic copper. The plan of making up a standard copper 
solution and using measured quantities of it as described 
under the cyanide method may also be used. 


44, Determination of Copper.—After getting the 
thiosulphate accurately standardized the student should 
practice determining copper in salts, proceeding in the same 
way as in standardizing, and calculating the percentage of _ 
copper from the amount of thiosulphate used in the same 
manner as was described in the cyanide method. ‘This 
method when properly carried out furnishes one of the best 
methods for the determination of copper; it offers less diffi- 
culty than the electrolytic method and is equally accurate 
when properly carried out. 


THE FERROCYANIDE METHOD FOR ZINC 


45. Preparation of Solutions.—The ferrocyanide 
method for the determination of zinc requires a standard 
solution of potassium ferrocyanide and a suitable indicator. 
To prepare the ferrocyanide solution dissolve about 45 grams 
pure potassium ferrocyanide in distilled water and dilute to 
1,000 cubic centimeters. The indicator is used in this 
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determination by the method of drops, as was the case in the 
bichromate method for iron. Two substances have been 
used as indicators—a 17-per-cent. solution of uranium 
acetate, made by dissolving uranium acetate in water with 
the addition of a small amount of acetic acid, and adding water 
to dilute sufficiently. This solution should be kept in a dark 
place, as it is gradually decomposed by light. The other 
indicator sometimes used is a 10-per-cent. solution of cobalt 
nitrate. While the uranium acetate is preferred as an indi- 
cator, the student is advised to try both. 


46. Standardizing the Ferrocyanide Solution. 
Weigh out .25 gram pure zinc oxide, heated to redness 
and then cooled in a desiccator, transfer to a 500-cubic-cen- 
timeter beaker, add 25 cubic centimeters water and sufficient 
hydrochloric acid to dissolve completely. Add ammonia 
until the solution is strongly alkaline. Place a small piece 
of litmus paper in the liquid and cautiously add hydrochloric 
acid with constant stirring until the solution is faintly acid. 
Now add 10 cubic centimeters concentrate hydrochloric acid 
and enough water to make the volume of the liquid about 
250 cubic centimeters. Heat the liquid untilit is about 65°C. 
Run in the ferrocyanide from a burette, stirring constantly. 
This produces a white precipitate of zinc ferro-cyanide 
according to the equation 


2ZnCl, + K Fe(CN), = Zn,Fe(CN),+ 4KCl 


From time to time take out drops and bring in contact 
with drops of the indicator on a porcelain plate, as was done 
in the bichromate method for iron. An excess of ferrocya- 
nide is indicated with the uranium indicator by the appear- 
ance of a brown coloration where the 2 drops come together. 
This color does not appear at once, and about 30 seconds 
should be allowed for it to develop. With the cobalt indi- 
cator, excess of ferrocyanide is shown by a blue line where 
the 2 drops unite. When this test shows that sufficient 
ferrocyanide has been indicated, read the burette and calcu- 
late the value of the ferrocyanide in zinc, remembering that 
zine oxide, ZO, contains 80.25 per cent. zinc. It requires 
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some practice to get the end reaction sharply, and at least 
three agreeing results should be obtained before being sure 
that the standardizing is correct. A small amount of ferro- 
cyanide is necessary to produce the reaction with the reagents 
and water alone, and in careful work this must be allowed for 
by proceeding exactly as stated, except omitting the zinc oxide, 
using the same amount of reagents and water and titrating 
atthe same temperature. The small amount of ferrocyanide 
used on this blank test should be subtracted from all burette 
readings. 


47, Determination of Zinec.—Weigh out 1 gram pure 
crystallized zinc sulphate, dissolve in water, make alkaline 
with ammonia, put in the liquid a piece of litmus paper, 
make just acid with hydrochloric acid, add 10 cubic centi- 
meters concentrate hydrochloric acid, dilute to 250 cubic 
centimeters, heat to 65° C., and titrate as in standardizing. 
Multiply the number of cubic centimeters of ferrocyanide 
used by the value in zinc of 1 cubic centimeter; the result is 
the amount of zinc, which multiplied by 100 and divided by 
the weight taken gives the percentage. 

This is one of the best methods for the determination of 
zinc, and the student is urged to become familiar with it. 
It must be remembered that all other metals which give 
precipitates with potassium ferrocyanide, and also nitric acid, 
must be absent. For correct results it is necessary that all 
solutions titrated contain the same amounts of reagents, and 
have the same volume and temperature as in standardizing. 


NITRIC ACID 


48. Determination of Nitric Acid by Pelouze’s 
Method.—Place a tubulated retort having a capacity of about 
250 cubic centimeters on a water bath, with the neck of the 
retort slanting gently upwards, as shown in Fig. 7. Fit the 
neck of this retort with a perforated rubber stopper, and 
through this perforation pass one end of a bent glass tube. 
Pass the other end of this tube through the perforation of a 
rubber stopper fitted into a U tube, thus connecting the 
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retort and Utube. In this U tube place a little pure water, so 
that air or gas passing from the retort must bubble through 
it. Fit the tubulure of the retort with a perforated rubber 
stopper, and through this pass a glass tube extending a short 
distance into the retort. Through this tube lead a current 
of carbon dioxide, which has been generated in a Kipp gen- 
erator and washed in pure water, until the air is mostly, or 
entirely, expelled from the retort. 

Disconnect the apparatus, and, with as little delay as pos- 
sible, introduce into the retort from 30 to 40 cubic centi- 
meters of pure concentrate hydrochloric acid, and about 
1.5 grams of piano wire that has been accurately weighed. 


Fic. 7 


The. quickly close connections, and heat the retort ona 
water bath, while leading through it a gentle current of car- 
bon dioxide, until the wire is completely dissolved. In an 
atmosphere of carbon dioxide, the iron all dissolves in hydro- 
chloric acid to ferrous chloride, FeC7,, 

While this action is going on, weigh accurately from .3 to 
.5 gram of pure potassium nitrate into a tube similar to the 
one employed to contain the sample in the determination of 
ammonium. When the wire is completely dissolved, increase 
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the flow of carbon dioxide, remove the stopper from the 
mouth of the retort, introduce the tube containing the sam- 
ple of potassium nitrate, and allow it to slide down the 
inclined neck of the retort into the liquid. Connect the appa- 
ratus again as quickly as possible, decrease the flow of carbon 
dioxide so that it passes through the U tube at the rate of 
about 2 bubbles per second, and continue to heat on the water 
bath for 15 or 20 minutes. 

The reaction that takes place when the nitrate is intro- 
duced into the ferrous solution is 


3FeCl, + KNO,+4HC1 
= 3FeCl, + KCl+ NO+2H,0 


It will be complete at the end of 15 or 20 minutes, and 
the solution will usually have a dark color, due to the VO 
that is dissolved in it. Now remove the water bath, wipe 
the retort with a cloth until the outside of it is perfectly dry, 
and heat to boiling over the Bunsen burner. Continue the 
boiling a few minutes after the dark color has been removed, 
and the liquid has assumed the clear yellow color of ferric 
chloride, shaking the apparatus from time to time to prevent 
the deposition of dry salt on the sides of the retort. Remove 
the burner and regulate the flow of carbon dioxide so as to 
prevent any air from being drawn in through the U tube 
during the cooling and consequent contraction of the gases 
and vapors in the retort. 

Allow the solution to cool to the temperature of the room 
while leading a gentle current of carbon dioxide through the 
retort. Then disconnect the apparatus, transfer the solution 
to a beaker, rinse out the retort thoroughly with cold water; 
adding the washings to the solution in the beaker, dilute 
this to about 300 cubic centimeters with pure cold water, 
and titrate at once with potassium bichromate, as described 
under the bichromate method. This titration gives the 
amount of iron which remains in the ferrous state, and this 
quantity subtracted from the total weight of iron taken gives 
the amount of iron oxidized by the nitrate. .In making this 
calculation, it must be remembered that piano wire is not 
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pure iron. In ordinary work it is sufficiently accurate to 
assume that the piano wire contains 99.6 per cent. of iron, 
but if great accuracy is required it is necessary to determine 
the exact percentage of iron in the wire. 

. From the foregoing equation it will be seen that 28 parts of 
iron, oxidized from the ferrous to the ferric condition by the 
nitrate, corresponds to 9 parts of V,O,; hence, the weight of 
NV,O, may be calculated by means of a proportion as follows: 


28: 9 = weight of iron oxidized : x 


Then, having the weight of sample taken, the percentage 
is readily calculated from this weight in the usual manner. 
The percentage of nitric acid is always calculated as 1V,O,, 
but from this the percentage of 7NO, may be calculated if 
desired. 


QUANTITATIVE ANALYSIS 


(PART 8) 


THE ANALYSIS OF CHEMICAL COM- 
POUNDS AND ALLOYS 


INTRODUCTION 


1. In describing the analysis of compounds, it will not 
be necessary to give such full directions for the determina- 
tion of the elements that have been treated in the former 
Sections, for the student should now be able to determine 
any of these elements without trouble, and if he is not he 
can refer to the directions already given. While the ele- 
ments that have not been determined wiil need to be treated 
somewhat more fully than those that have, it will hardly be 
necessary to go as much into details as in the first determina- 
tions, for, having become familiar with the general methods 
of quantitative analysis, the student should be able to apply 
them even in cases for which he has not had full directions. 

The complete analysis of chemical compounds forms an 
additional check on the work, for, in addition to calculating 
the theoretical percentage of each element, or group of ele- 
ments, determined, it is possible to find how near the per- 
centages obtained come to 100. 


2. Impurities in Compounds.—Any chemical com- 
pound is likely to be impure. The fact that it is labeled and 
sold as chemically pure does not guarantee that it is so. 
Substances that contain water of crystallization frequently 
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on keeping tend to lose part of this water. Compounds 
of metals that form two series of salts often tend to 
change the one into the other. Thus a ferrous salt will 
frequently be partly changed into a ferric salt, and on the 
other hand a ferric salt may be partially converted into a 
ferrous salt. 

Some compounds that crystallize with water of erystalliza- 
tion can crystallize in two or more forms having different 
amounts of water of crystallization. For example, zinc sul- 
phate when deposited from solutions at a temperature below 
40° forms crystals having the formula ZxzS0O,7H,0, but if 
the crystals are deposited from a solution at a temperature 
above 40°, they have the composition represented by the 
formula ZxzSO, 64,0. 


3. Purification of Compounds.—One of the best and 
most widely used methods of purifying compounds is by the 
process of recrystallization. By this means it is often pos- 
sible to start with crude samples and with comparative ease 
get a salt of great purity. In general, the wider the differ- 
ence in the solubilities of the substances to be separated, the 
more readily is purification effected by this means. It is, 
however, to be remembered that all salts cannot be purified 
by recrystallization; for sometimes the salts will crystallize 
as double salts. Recrystallization is generally effected either 
by evaporation, changing the temperature of the solution, 
or by making some addition to the solvent. The solubility 
of all substances varies with the temperature; with most 
solids it increases as the temperature rises. Thus, 100 grams 
of water at 0° will dissolve 13 grams of potassium nitrate, 
and at 100° will dissolve 247 grams. Again, 100 grams of 
water at 0° will dissolve 35.6 grams of sodium chloride, and 
at 100° will dissolve 40 grams. It is evident from these two 
examples that potassium nitrate may be recrystallized by 
merely making a hot saturated solution and allowing it to 
cool, while with the sodium chloride there is such a slight 
difference in solubility in hot and cold water that this 
method will not answer. 
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4. Supersaturated Solutions.—Sometimes it will be 
found that crystals do not separate from a solution even 
when more of the solid is in solution than can ordinarily be 
dissolved by that amount of the solvent at the given tem- 
perature. Such solutions are said to be supersaturated. 
From supersaturated solutions crystallization is frequently 
started by stirring, and almost invariably by the introduction 
of a fragment of a crystal of the compound in solution. 


5. If crystallization takes place slowly, the substance 
forms larger crystals than when the crystallization is rapid. 
Large crystals are often to be desired in commercial articles 
where the shape, color, and general appearance of the crys- 
tals are indications as to the purity of the substance; but, as 
these large crystals may easily enclose small amounts of 
impurity, in purifying a salt for analysis by recrystallization 
-it is best to get as small crystals as possible. 

In purifying a salt for analysis when the compound is 
decidedly more soluble in hot than in cold water, proceed as 
follows: Heat ina beaker about 200 or 300 cubic centimeters 
of water to near the boiling point. Add, in small portions 
at a time, the salt to be purified, keeping the beaker over 
the flame and stirring the solution. When the water has 
become nearly saturated with the salt, carefully examine to 
see if the liquid is clear; if not, it will be necessary to filter, 
and as the liquid on cooling will deposit crystals it must be 
filtered without being allowed to cool. This may be accom- 
plished by means of a hot-water funnel, which consists of a 
glass funnel surrounded by a metal jacket that contains 
water kept hot by a Bunsen burner. If a hot-water funnel 
is not at hand, a very good substitute for it may be made by 
winding a piece of small lead pipe two or three times around 
the funnel and passing steam through this pipe. The 
steam may be generated in a common tin can. This 
arrangement is shown in Fig. 1. 

The beaker containing the filtered solution is then placed 
in a vessel of cold water, in order to cool the liquid as 
quickly as possible. While cooling, the liquid should be 
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stirred with a glass rod; in this way very small crystals are 
formed. 

When the solution is cold, the crystals are allowed to set- 
tle and the mother liquor decanted off. The residue is 


Fic. 1 


then transferred to a drainer, which is a porcelain dish per- 
forated with a number of small holes, and supported ina glass 
funnel. In this way the greater part of the mother liquor 
is separated from the crystals. The process may be accel- 
erated by connecting the funnel to the filter pump, as is 
shown in Fig. 2. 

Instead of using a perforated porcelain plate and an ordi- 
nary glass funnel, porcelain funnels with fixed perforated 
plates are very convenient for such operations as this, and 
are also exceedingly useful for many other operations in 
the laboratory. These are not only made in the shape of an 
ordinary funnel, as is shown in Fig. 8, but they are made 
with the upper part of the funnel cylindrical, as shown in 
Fig. 4. 

In cases where the crystals are only moderately soluble 
in cold water, it is well to wash them on the drainer with 
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asmall amount of cold water. After they have been allowed 
to drain as thoroughly as possible, they are carefully dried. 
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In case the crystals contain no water of crystallization they 
may be dried by heating in an air bath; with crystals contain- 
ing water of crystallization this cannot be done. Such crys- 
tals may be allowed to dry after spreading on a porous plate, 
or may be dried by pressing between layers of filter paper. 


3 Fic. 4 


Fic. 


Do not lay the filter paper on the table and place the crys- 
tals on it, for the table top is almost sure to contain some 
soluble substance that will contaminate the crystals. Lay 
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the filter paper on a perfectly clean sheet of glass, spread 
the crystals on it, and take up the moisture with another 
piece of filter paper spread over the top. By renewing the 
filter paper several times and pressing with successive 
pieces of dry filter paper, the crystals may be thoroughly 
dried, which is shown by the mass becoming granular and 
and losing its tendency to pack into lumps. When dry, the 
crystals are transferred to a dry stoppered bottle. 


6. Precipitation by Change of the Solvent.—Salts 
may frequently be thrown out of their aqueous solutions by 
the addition of some substance that mixes with, or is soluble 
in, the water, and has no chemical action on the dissolved 
salt, but makes a mixture with the water that has less sol. 
vent action on the salt than the original water. If ferrou 
sulphate is dissolved in water at about 40°, making a nearly 
saturated solution at that temperature, and the solution is 
poured into an equal volume of alcohol, the greater part of 
the ferrous sulphate /eSO,7H,O will be precipitated as 
a fine crystalline precipitate, which may be filtered and 
washed with alcohol and then dried in the manner directed 
above. As prepared in this way ferrous sulphate will keep 
much better than when in the ordinary large crystals. 

Sodium chloride may be precipitated from a strong 
brine by the addition of hydrochloric acid. Saturate about 
500 cubic centimeters of water with common salt, filter the 
brine, and into the clear solution, contained in a beaker, pass 
a stream of gaseous hydrochloric acid. The gas may be 
generated by acting upon common salt with a cold mixture 
of 11 volumes strong sulphuric acid and 8 volumes water, in 
the flask 7, Fig. 5. The gas is made to bubble through 
strong hydrochloric acid contained in the three-necked bot- 
tle & in order to arrest any spray of sodium sulphate, before 
being passed into the brine. The tube that delivers the gas 
into the brine should have a wide mouth so that it will not 
become stopped up with deposited salt and need not dip 
very far into the solution. A thistle tube, or funnel, sup- 
ported as shown in the figure is a good tube to use. 
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The middle neck of the three-necked wash bottle B is 
provided with a safety tube, which just dips beneath the 
surface of the liquid. By this arrangement, if there is an 
interruption in the evolution of the gas, air passes in through 
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this tube and the brine is not sucked back into B. The 
safety funnel in the generating flask H serves to admit air 
to Hin case of a diminution of pressure, instead of drawing 
over the liquid from the bottle B. 

The sodium chloride begins to separate as a crystalline 
powder almost as soon as the gas commences to bubble 
through the brine. When enough of the salt has been pre- 
cipitated, the crystals are allowed to settle and the bulk of 
the liquid decanted. The crystals are then transferred to a 
drainer, and drained as thoroughly as possible. They are 
then washed several times with pure strong hydrochloric 
acid. 

Ascommon salt contains no water of crystallization, and the 
liquid wetting the crystals is strong hydrochloric acid, which 
would attack filter paper, the crystals are not dried with 
filter paper; but after draining as completely as possible 
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by means of the filter pump, the crystals are transferred to 
a porcelain dish, which is then heated over a flame until 
all acid and water is driven off. Cool in a desiccator, and 
transfer to a stoppered bottle. The commercial grades of 
table salt contain beside sodium chloride, chlorides or sul- 
phates of magnesium, calcium, or potassium. The chlorides 
of magnesium and calcium cause the salt to absorb moisture. 
When hydrochloric acid is added to the saturated solution of 
the salt, sodium chloride is thrown down, leaving the impu- 
rities in solution. 

The precipitation of the sodium chloride might be accom- 
plished more quickly by the addition of a large excess of 
concentrated aqueous hydrochloric acid, but its purity is less 
certain under these conditions. The slow separation, caused 
by the absorption of the gas, is more favorable to the isola- 
tion of a pure product and the process is also somewhat more 
economical. 

Since the sodium chloride is not absolutely insoluble in 
either the acid or the water used for washing, it is essential 
that these should be used in as small quantities as practi- 
cable. The heating of the chloride is essential to expel any 
excess of hydrochloric acid held by the salt, and to remove 
moisture enclosed between crystal surfaces. The escape of 
this moisture causes decrepitation, and when decrepitation 
ceases it is an indication that the water has been driven off. 
Even the pure salt is slightly hydroscopic; hence the neces- 
sity of cooling in the dry air of the desiccator and of preserv- 
ing in a stoppered bottle. 


%. Precipitation by Double Decomposition.—The 
preparation of pure compounds by this method is practically 
identical with the method of conducting a quantitative pre- 
cipitation. To obtain a pure product there must, of course, 
be nothing, except the compound intended, that will give a 
precipitate with the reagent to be used. To get a pure 
product, both chemicals used should be pure. Forexample, 
suppose it is wished to prepare pure barium carbonate. We 
use pure ammonium carbonate, which, as it cannot be easily 
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purified by recrystallization, is carefully tested for sulphuric 
acid, and a portion heated to make sure that it is entirely 
volatile. The barium chloride is purified by recrystalliza- 
tion. The reagents are dissolved, heated, and mixed, The 
precipitated barium carbonate is transferred to a filter paper, 
after being washed several times by decantation, and care- 
fully washed with warm water until all soluble salts are 
entirely washed out. The barium carbonate is then removed 
from the paper, transferred to a porcelain dish, and care- 
fully dried in a steam or air bath at a temperature of not 
over 100°. 


8. Additional Precautions.—Emphasis has been laid 
on the necessity of great care in regard to cleanliness of all 
vessels used, and to guard against loss. These precautions 
are more necessary in the complete analysis of substances 
than in making any single determination, as the filtrates 
must be used here as well as the precipitates. Great care 
must also be exercised to make sure that the reagents are 
always pure. Glass is not absolutely insoluble, and different 
varieties differ greatly in this respect. In general, alkaline 
solutions dissolve glass more readily than acids. A solution 
of sodium hydrate that was pure when first prepared may, 
after standing for a long time in a glass bottle, contain 
enough silica or alumina to make a decided difference in a 
carefully executed analysis. When discordant results are 
got that cannot be otherwise explained, it is often an excel- 
lent plan to make a blank determination, using none of the 
sample and the same amount of reagents as were used in the 
determination. 


MAGNESIUM SULPHATE 


9. Preparation of the Sample.—The sample must be 
dry, but must not have lost water of crystallization. As this 
salt is slightly efflorescent, select 8 or 10 grams of crystals 
that are dry, but have not lost water of crystallization; 
pulverize them quickly by means of a mortar and pestle, and 
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keep the powder in a tightly stoppered bottle or tube. After 
removing a part of the sample, always replace the stopper in 
the bottle or tube immediately, and weigh the sample as 
quickly as possible. If preferred, the tube and contents 
may be weighed, a suitable portion of the sample poured 
into a beaker, the stopper returned to the tube, and the tube 
and contents again weighed. The loss in weight is the 
weight of substance taken for analysis. 


10. Determination of Magnesia. — Dissolve about 
1 gram of the salt in about 100 cubic centimeters of water, 
add a few drops of hydrochloric acid, 5 cubic centimeters of 
ammonium chloride, and then render the solution distinctly 
alkaline with ammonia; or, render the solution strongly acid 
with hydrochloric acid, and then distinctly alkaline with 
ammonia, when ammonium chloride will be formed in the 
solution, and need not be added. In either case, if a pre- 
cipitate of magnesium hydrate is formed, it must be dis- 
solved in an excess of hydrochloric acid, and the solution 
must again be rendered alkaline with ammonia; and this 
must be continued until the solution contains sufficient 
ammonium chloride to prevent the precipitation of mag- 
nesium hydrate, and a clear, ammoniacal solution is obtained. 

To this clear solution add a solution of sodium-ammonium 
phosphate (microcosmic salt), 1 or 2 drops at a time, and stir 
after each addition of reagent until the precipitate formed 
assumes a silky crystalline appearance. When an excess of 
the reagent has been added, add to the liquid about one- 
fourth its volume of concentrate ammonia, stir well, and 
stand aside, in a cool place, for 4 or 5 hours for the precipitate 
to collect and settle. Filter, using the filter pump, if one is 
at hand, wash with dilute ammonia, dry the precipitate and 
filter, remove the precipitate to a watch glass, burn the paper 
in a weighed porcelain crucible, add the precipitate, ignite 
for some time at a bright red heat, cool in a desiccator, and 
weigh as magnesium pyrophosphate. Or, filter, using a 
Gooch crucible, wash with dilute ammonia—l part of con- 
centrate ammonia to 4 parts of water—dry by heating 
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cautiously over the Bunsen burner at a low temperature, 
with the crucible covered, and then raise the temperature to 
bright redness for several minutes. Cool in a desiccator and 
weigh as magnesium pyrophosphate A7g,P,O,, which contains 
36.04 per cent. of magnesia MZ/gO. In connection with this 
determination, the student should read Determination of 
Magnesium as Pyrophosphate. 


11. Determination of Sulphuric Acid.—Weigh about 
1 gram of the sample into a beaker, dissolve it in 100 cubic 
centimeters of water, acidulate the solution with a few drops 
of hydrochloric acid, add from 5 to 10 cubic centimeters of 
ammonium chloride, heat to boiling, and precipitate the 
sulphuric acid with a slight excess of barium chloride. Con- 
tinue the boiling a few moments while stirring the solution 
continuously, and then stand aside in a warm place for 2 or 
3 hours for the precipitate to collect and settle. 

As this finely divided precipitate tends to pass through 
filter paper, and is very easily reduced when ignited in the 
presence of carbonaceous matter, it is best to use a Gooch 
crucible in filtering it. If the Gooch felt is carefully pre- 
pared, it will easily retain every particle of precipitate. For 
this purpose, pour the asbestos into the crucible in the usual 
manner, and draw the water through. Then stand the bottle, 
in which the asbestos is suspended, aside, for a few moments, 
when the coarser and heavier part of the asbestos will sink 
to the bottom, and only the finest particles remain suspended 
in the water. Pour some of this into the crucible and draw 
the water through. The fine particles of asbestos will thus 
be deposited upon the coarser layer, forming a compact felt, 
which will retain the finest precipitates. This is not neces- 
sary with ordinary precipitates, and with such a felt, filtration 
is much slower than with a coarser one, but for very fine pre- 
cipitates, the felt should always be prepared in this manner. 

Draw as much water as possible out of the felt by means 
of the filter pump, then dry it carefully over a Bunsen burner, 
ignite moderately, cool in a desiccator, and weigh. Return 
the crucible to the funnel tube. decant the clear liquid through 
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it, wash the precipitate on the felt with hot water, and suck 
it as dry as possible by means of the filter pump. Place 
the cover on the crucible, and heat gently over the Bunsen 
burner to dry it; then ignite at a moderate heat, cool in a 
desiccator, and weigh as barium sulphate BaSO,, which 
contains 34.34 per cent. of SQ,. 

If a Gooch crucible is not at hand, the precipitate may be 
filtered on filter paper and treated as described under Deter- 
mination of Sulphuric Acid as Barium Sulphate, which should 
be read in connection with this determination, but a filter 
pump should not be used, as this increases the danger of pre- 
cipitate passing through the filter. Some chemists recom- 
mend the use of double filters for this precipitate. If this 
method is used, two filters are placed together, folded, and 
fitted into the funnel just like a single filter. This device 
seems to be more efficient than a single filter, in some cases. 


12. Determination of Water.—For the determination 
of water, weigh a crucible, introduce about 1 gram of the 
sample, and weigh again. The difference in the two weights 
is the weight of sample taken. Place the crucible and con- 
tents over a Bunsen burner, and heat very gently at first, but 
gradually raise the temperature to dull redness. Heat at 
this temperature for 5 minutes, cool in a desiccator, and © 
weigh. Then, again heat over the Bunsen burner, cool in a 
desiccator, and weigh; and repeat this operation till a con- 
stant weight is obtained. The loss in weight is the weight 
of water which has been expelled by the heat, and from this 
the percentage of water in the sample is readily calculated 
in the usual manner. In making this determination, suffi- 
cient heat must be employed to expel all the water, but a 
very high temperature is likely to decompose the salt, and, 
consequently, is to be avoided. 

The theoretical composition of MgSO,-7H,0 is as follows: 
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BARIUM CHLORIDE 


13. Ifthe sample is dry, pure, and in small crystals, no 
further preparation is required, but if it is in large crystals, 
it should be pulverized by means of a mortar and pestle, and 
preserved as described in Art. 9. 

This salt may be analyzed in several ways. The method 
most generally adopted, however, is as follows: 


14, Determination of Barium.—Dissolve about 1 gram 
of the sample in 100 cubic centimeters of water, add 1 cubic 
centimeter of dilute hydrochloric acid and 5 cubic centi- 
meters of ammonium chloride; heat the solution to boiling, 
and precipitate the barium, as barium sulphate, with a slight 
excess of dilute sulphuric acid. Continue the boiling for a 
few minutes, and then stand beaker and contents in a rather 
warm place for the precipitate to collect and settle. 

It is a good plan to test the solution before filtering, to 
learn if sufficient acid has been added. To do this, remove 
a few drops of the clear supernatant liquid to a watch glass, 
and add a few drops of barium-chloride solution. If this 
produces a precipitate on the watch glass, it shows that the 
solution contains free sulphuric acid, and, consequently, that 
enough has been added to precipitate all the barium. Ifa 
precipitate is not formed, more dilute sulphuric acid must 
be added, and the solution must again be boiled and the 
precipitate allowed to settle. In either case, the portion 
taken out on the watch glass to be tested must be thrown 
away. When the precipitate has completely settled, filter, 
wash, ignite, and weigh, by one of the methods described in 
Art.11. The precipitate is barium sulphate, which contains 
58.80 per cent. of barium, and from this the percentage of 
barium is readily calculated. In connection with this deter- 
mination, read under the heading Determination of Barium 
as Sulphate. 


15. Determination of Chlorine.—Dissolve .5 gram, or 
a trifle more, of the sample, in about 100 cubic centimeters 
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of water, heat very gently, and precipitate the chlorine 
with a slight excess of silver nitrate to which a little 
nitric acid has been added. Then raise the temperature, 
while stirring continuously, until the liquid begins to boil. 
Allow the precipitate to settle, filter, wash, ignite, and weigh, 
as directed under Determination of Chlorine as Silver 
Chloride. The precipitate is silver chloride AgC/, which 
contains 24.73 per cent. of chlorine. From this, calculate 
the percentage of chlorine in the sample. 


16. Determination of Water.—Weigh about 1 gram 
of the sample in a weighed crucible. Place this over a 
Bunsen burner and heat very gradually, until the crucible 
assumes a dull-red color. Heat at this temperature for about 
5 minutes, cool in a desiccator, and weigh quickly, Heat 
again for about 5 minutes, cool in a desiccator, and weigh; 
and repeat the heating and weighing until a constant weight 
is obtained. Heat enough must be applied to drive off all 
the water, but care’ must be taken not to heat too highly or 
some of the chlorine will also be expelled. The loss in 
weight is the weight of the water expelled by the heat, and 
from this, the percentage of water in the sample is calculated. 
The theoretical composition of BaC/,:2H,O is as follows: 


Ba... cin en, <a. 56.15% 

Aw eS. Bas eee 29.10% 

EO... x Bete Res es, 14.7546 V 
100.00% 


FERROUS SULPHATE 


1%. Determination of Iron.—Weigh 1 gram of the 
sample into a beaker, dissolve it in 100 cubic centimeters of 
water, add about 1 cubic centimeter of hydrochloric acid, 
heat to boiling, and oxidize the iron with a little concentrate 
nitric acid. Precipitate the iron from this boiling solution 
by means of a slight excess of ammonia. As soon as the 
precipitate settles, filter on to a paper, using the filter pump, 
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Wash the precipitate thoroughly with hot water, and suck 
it as dry as possible with the pump. Wrap the filter paper 
around the precipitate, place it in a platinum crucible, and 
ignite, gently at first, but finally at full redness for 5 minutes. 
Cool, and weigh as /e,O,, which contains 90 per cent. of 
FeO. 

Instead of determining the ferrous oxide in this way, the 
iron may be determined volumetrically as directed under the 
Permanganate Method or the Bichromate Method. From 
the iron obtained in this way, the amount of ferrous oxide 
is calculated by the proportion Fe: FeO = wt. Fe: x, and 
from this the percentage of FeO in the sample is calculated 
in the usual manner. 


18. Determination of Suiphuric Acid.—Dissolve 
about 1 gram of the sample in 100 to 150 cubic centimeters 
of water, add 2 cubic centimeters of concentrate hydrochloric 
acid and bromine water until the liquid smells strongly of 
bromine after stirring. The addition of the bromine water 
is to convert the ferrous iron into ferric, and enough must 
be added to complete this change. Boil until the excess of 
bromine is completely expelled. Precipitate the iron from 
the boiling solution with a slight excess of ammonia. Allow 
the precipitate to settle; decant the liquid through a filter, 
catching the filtrate in a clean beaker; wash the precipitate 
once or twice by decantation; dissolve in as little hydro- 
chloric acid as possible; reprecipitate with ammonia, as 
before; wash, first, by decantation, and finally thoroughly 
on the paper. Unite the filtrates and washings from the two 
precipitations and evaporate to about 150 cubic centimeters. 
Heat the solution to boiling, and precipitate the sulphuric 
acid with a slight excess of barium chloride. Stand in a 
warm place for the precipitate to collect and settle, and then 
filter, wash, ignite, and weigh, as directed in Art. 11. The 
precipitate is BaSO,, which contains 34.34 per cent. of SO,, 
and from this the percentage of SO, in the sample is calcu- 
jated in the usual manner. The ferric hydrate obtained here 
may be used to determine the FeO. The student should 
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read here the article on the Determination of Iron as 
Oxide. 

Instead of determining the sulphuric acid, after removing 
the iron by precipitation as hydrate, as just described, it 
is frequently determined by direct precipitation with barium 
chloride without removing the iron. ‘This plan, however, 
does not yield accurate results. The precipitate of barium 
sulphate is almost always yellow or brown from iron when 
the precipitation is effected in the presence of iron. In spite of 
this evident contamination of the barium sulphate the results 
are not always too high; being sometimes correct, and some- 
times too low. ‘This is due to the fact that a certain amount 
of basic ferric sulphate is precipitated. When this is ignited 
it decomposes into /e,O, and SQ,, which is volatilized. If the 
basic ferric sulphate (which has a varying composition) hap- 
pens to be of such acomposition that it will have an amount of 
fe,O, on ignition that will weigh the same as the Ba SO, that 
would be formed from the SO, lost, it is evident that the 
weight of the precipitate will be the same as if pure barium sul- 
phate had been obtained from the whole of the sulphuric acid. 

Very satisfactory results may be got, however, by adding 
the barium chloride to the boiling alkaline solution, contain- 
ing the ferric hydrate in suspension. ‘The iron being here 
already precipitated is not thrown down with the barium 
sulphate. After all the barium chloride has been added the 
ferric hydrate may be dissolved by adding a slight excess of 
hydrochloric acid to the hot liquid. The determination is 
completed as described above. 


19. Determination of Water.—The water of crystal- 
lization in ferrous sulphate cannot be determined by heating 
a sample of the salt in a crucible and calling the loss 
water, for while the water is being driven off, the iron is 
gradually changed from the ferrous to the ferric condition. 
Conseyuentiy, the water must be driven off, absorbed, and 
weighed directly. The most convenient way of doing this 
is by means of the apparatus shown in Fig. 6. Drawa piece 
of hard glass tubing (combustion tubing) out to a small 
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tube at one end, and bend this at right angles. Support 
the tube—which should be 10 or 12 inches long—by means 
of an iron clamp or other suitable arrangement. At /, inserta 
loosely fitting plug of glass, wool, or asbestos fiber. At & 
half fill the tube for about 2 inches with equal quantities of 
perfectly dry /OO and PbO, These oxides of lead serve to 
retain any acid that may be driven off from the ferrous sul- 
phate. Fit the end @ with a perforated rubber stopper, 
through which the end of the drying tube e, which is filled 
with dry, fused calcium chloride, is passed. Over the small 
end of the tube at 4, slip one end of a rubber tube, the other 
end of which is attached to an aspirator, and draw a gentle 
current of air through the tube; while heating it throughout 


FIG. 6 


its entire length by means of a Bunsen burner, to get it per- 
fectly dry. Remove the rubber tube from 0, and pass this 
end of the tube through the perforation in the stopper of one 
limb of a U tube c, that contains dry, fused calcium chloride, 
and has just been accurately weighed. Through the per- 
foration in the stopper in the other limb of the tube, pass a 
small glass tube d, bent at right angles. Then withdraw the 
drying tube and stopper from a, introduce a boat made of 
platinum foil, containing about 1 gram of the sample that 
has been accurately weighed, and immediately replace the 
stopper and drying tube. Over the tube d, slip the end of a 
rubber tube that is connected with an aspirator, and draw a 
gentle current of air through the apparatus. Then bring a 
burner under the platinum boat containing the sample, and 
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heat it at a gradually increasing temperature, until the water 
is all driven off. The current of air passing through the 
apparatus will carry the aqueous vapors over to the U tube ¢, 
where they are absorbed by the calcium chloride. If any 
water condenses near the end of the tube at J, the tube must 
be heated at this point until this water is driven over and 
absorbed in the Utube. It isa good plan, at the end of the 
operation, to heat the tube a 4, throughout its entire length, 
in order to be sure that all moisture is driven over and 
absorbed; and the current of air should be continued a 
few moments to draw all the moist air out of the tube ad. 
Then remove the U tube to the balance, and weigh as soon 
as it is cool. 

Air should be excluded from the tube while it is cooling, 
or the calcium chloride is likely to absorb moisture from the 
air and thus increase in weight. This may be accomplished 
by placing a piece of glass rod in the perforation of the 
stopper through which the tube J passed, and drawing a 
short piece of rubber tubing over the tube d, and placing a 
glass rod in the other end of this rubber tube. Or, if the 
first weighing were performed without the tube d, this may 
be removed, and the perforation in this stopper may also be 
closed by means of a glass rod. These rods must be removed 
before weighing, unless they were in the perforations during 
the first weighing, as the conditions must be as nearly the 
same as possible during these two weighings; and if they are 
used during both weighings, one of them should be removed 
for a moment just before weighing, to allow any inequality 
of pressure in the U tube to adjust itself. The increase in 
weight is the weight of water expelled from the sample, and 
absorbed by the calcium chloride, and from this the percentage 
of water in the sample is calculated in the usual manner. 

The theoretical composition of FeSO.7H,0 is as follows: 


O..... cee. 25.90% 
SO; SE 28.78% 
ES CREE 45.32% 


100.00% 
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CALCIUM CARBONATE 


20. Determination of Lime.—Heat the sample in an 
air bath for 15 or 20 minutes at about 110°, to dry it; cool in 
a desiccator, and weigh out about .5 gram for the determina- 
tion of lime. ‘Transfer this to a beaker of rather deep form, 
and cover the beaker witha watch glass. Draw this slightly 
to one side, introduce a few drops of hydrochloric acid, 
allowing it to run down the side of the beaker, and quickly 
slip the watch glass back in place, to prevent any loss of 
substance during solution. Continue to add acid in this way 
until enough has been added to dissolve all the carbonate, 
and complete the solution with the aid of heat, if necessary. 
Dilute the solution to about 100 cubic centimeters with pure 
water, render it strongly alkaline with ammonia, heat to 
boiling, and precipitate the calcium with a moderate excess 
of ammonium oxalate, adding the reagent slowly, and with 
constant stirring. Stand the beaker and contents in a warm 
place for about 4 hours for the precipitate to collect and 
settle. Filter, wash thoroughly with hot water, and deter- 
mine the calcium oxide by one of the following methods: 

1. Dry the precipitate, remove it to a watch glass, burn 
the filter in a platinum crucible, add the precipitate, ignite, 
cool, and weigh, as directed in the Determination of Cal- 
cium as Oxide. The precipitate in this case is calcium 
oxide, and the percentage is calculated by dividing the weight 
of the precipitate by the weight of sample taken, and muliti- 
plying this result by 100, or, what amounts to the same 
thing, moving the decimal point two places to the right. 

2. Dry the precipitate, remove it as completely as possi- 
ble from the paper, and burn the filter in a porcelain cruci- 
ble. Add the precipitate, and moisten it with concentrate 
sulphuric acid. Heat gently to convert the precipitate into 
sulphate and drive off the excess of acid, ignite at a mod- 
erate temperature over the Bunsen burner, cool, and weigh, 
as calcium sulphate, following the directions given in the 
Determination of Calcium as Sulphate. The precipitate 
contains 41.18 per cent. of calcium oxide. 
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3. Wash the precipitate into a beaker as completely as 
possible with water, and then continue the washing with hot 
dilute sulphuric acid. Dissolve the precipitate in water and 
sulphuric acid. Heat the solution to 70° or 80°, and titrate © 
with a potassium-permanganate solution, as previously 
directed. The strength of a permanganate solution with 
respect to CaO is there given. 


21. Determination of Carbon Dioxide.—Carbon diox- 
ide may be determined either by direct weighing, or by loss 
in weight. A number of methods of accomplishing this 
have been proposed. Three of those most commonly used 
are here given. 

1. Fit a flask (0, Fig. 7), having a capacity of from 300 to 
500 cubic centimeters, with a rubber stopper having three 
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perforations. Through one of these perforations pass a fun- 
nel tube c, reaching nearly to the bottom of the flask. After 
passing this through the stopper, draw the lower end out to 
a rather small point, and bend it upwards to prevent the 
entrance of bubbles of gas. Through another opening, pass 
a tube, also reaching nearly to the bottom of the flask, and 
connect it with the U tube a, containing soda lime, or a 
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concentrate solution of sodium hydrate, by means of a rubber 
tube. Over this rubber tube, slip a pinch cock d that should 
be left open for the present, and is only to be used in case it 
becomes necessary later. Through the third perforation, 
pass a tube, reaching just through the stopper, into the neck 
of the flask. Bend this tube above the stopper, and pass it 
through the short cooler tube e. 

A condenser for this purpose may be made by fitting each 
end of a short large tube with a doubly perforated rubber 
stopper, and passing the tube from the flask through one 
perforation of each of these stoppers. Through the other 
perforation of each stopper, pass short glass tubes, and con- 
nect these with rubber tubes. Through one of these tubes 
conduct cold water into the lower end of the condenser, and 
through the other conduct water from the upper end of the 
condenser toa sink. Connect the tube passing through this 
condenser with the U tube * which is filled with pumice 
stone saturated with concentrate sulphuric acid, or is about 
half filled with glass beads, and contains enough concentrate 
sulphuric acid so that any air or gas passing through the 
tube must pass through the acid. Connect this U tube with 
the weighed U tube w, which is filled to three-fourths its 
capacity with soda lime, and the last quarter with rather 
fine, dry calcium chloride. Connect this with the weighed 
U tube w’, which is filled with soda lime and calcium chlo- 
ride, in the same way that wis. For the U tubes w and w’, 
glass-stoppered weighing tubes are best used, but this is not 
necessary. Any tightly stoppered U tube that has been filled 
with soda lime and a little calcium chloride, and weighed, 
will answer the purpose. Connect the tube zw’ with the 
tube g, filled with dry, fused calcium chloride, to prevent 
the entrance of any moisture from thisend. This tube may 
be connected directly with an aspirator, but, in order to 
better control the current of air and gas, it is best to connect 
it with the bottle Z, containing concentrate sulphuric acid, so 
that the rate at which bubbles pass through this may be 
noted, and connect this bottle with an aspirator. 

The flask 6 should be supported on a retort stand, and the 
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rest of the apparatus may be suspended by means of wire 
hooks, from a bar, or a thick piece of glass tubing, held in a 
clamp. A broom handle may be made to serve very well for 
this purpose. When all is in readiness, introduce enough 
pure water through the funnel tube c, to cover the end of 
this tube and the tube leading from a, draw a gentle current 
of air through the apparatus, and by means of a burner, heat 
the flask until the water commences to boil, while keeping 
air enough passing through the apparatus so that there is no 
back pressure towardsa. Havean accurately weighed sample 
of calcium carbonate in a short open tube, ready. About 
.5 gram of sample is a good quantity, and the bottom of a 
test tube serves well to hold the sample. When the water 
commences to boil, withdraw the stopper from the flask, drop 
in the tube containing the sample, and return the stopper to 
its place at once. The water should be kept gently boiling, 
but the boiling should not be violent enough so that steam 
passes more than one-third of the way up the condenser, and 
it must not pass the middle of the condenser any way. 
Have the funnel tube ¢ filled with half-strength hydrochloric 
acid, and by turning the stop-cock, allow a very little of this 
to flow into the flask. This will decompose the carbonate, 
setting free carbon dioxide, which passes over with the air 
and is absorbed by the soda lime. The acid should be added 
in very small amounts, or the evolution of carbon dioxide 
will be too rapid, and will cause a back pressure. The air 
should pass through the flask all the time, or at least there 
should be no back pressure towards a, and if such occurs, 
it should be checked at once, by closing the pinch cock d 
on the rubber tube, and leaving it closed until the evolution ° 
of gas slackens considerably. 

When the evolution of carbon dioxide slackens, add a little 
more acid, and continue this treatment until the sample is 
completely decomposed, and the solution contains considera- 
ble free acid. Keep the solution gently boiling during this 
decomposition, but proceed slowly with this operation, and 
at no time allow condensation to be visible higher than the 
frst third of the condenser. When solution is complete, 
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continue to draw air through the apparatus for 15 or 20 min- 
utes, keeping the water in the flask as near the boiling 
point as possible. The carbon dioxide will all be carried 
over and absorbed in the weighing tubes by this time. 
Disconnect the apparatus, turn the stoppers of the weighing 
tubes so that air cannot pass through, remove them to the 
balance, and allow them to assume the temperature of the 
room. As soon as the tubes become cool, turn the stoppers 
for a moment to allow the air pressure to adjust itself, and 
then weigh the tubes. The increase in weight is the weight 
of carbon dioxide absorbed, and from this the percentage of 
carbon dioxide in the sample is readily calculated. There 
should be but a slight increase in the weight of w’. 

If the operation is repeated, the tube 7 containing sul- 
phuric acid, must be emptied and refilled after each deter- 
mination, but the weighing tubes may be used again in the 
same order. After two determinations, however, w’ should 
be substituted for w, and w is refilled and used in the place 
of w’. In this way, the order in which the tubes are used 
is reversed, and one of the tubes is refilled after every sec- 
ond determination. 

2. Asimple form of apparatus for the determination of 
carbon dioxide by loss of weight, is shown in Fig. 8. It con- 


sists of three small flasks, two of which, a and 4, should have 
a capacity of about 100 cubic centimeters each, and the 
third, c, should have acapacity of about 25 cubic centimeters. 
If, for any reason, it is desirable to use smaller flasks, 50 or 
5 cubic-centimeter flasks may be used for a and 4, but it 
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is generally best in this case to use a smaller sample, and 
greater care should be taken in performing the operation. 

Fit each flask with a doubly perforated rubber stopper. 
Through the first perforation of the stopper in a, pass a 
small piece of glass tubing @, reaching just through the 
stopper, and bent at right angles above the stopper. About 
2 inches is a good length for this tube. Through the sec- 
ond perforation of this stopper, pass one limb of the tube g, 
which is bent twice at right angles, so that it reaches nearly 
to the bottom of the flask, and pass the other limb through 
the first perforation of the stopper in 0, and nearly to the 
bottom of the flask. Through the second perforation of the 
stopper in J, pass the short limb of the tube 4, which is bent 
twice at right angles, so that the end just reaches through 
the stopper into the neck of the flask, and pass the long limb 
through the first perforation of the stopper in ¢, and nearly 
to the bottom of the flask. Through the other perforation 
of this stopper, pass a tube g, about 2 inches long, and bend 
it at right angles above the stopper. 

Into the flask a, introduce about 40 cubic centimeters of 
half-strength nitric or hydrochloric acid; weigh accurately 
about 1 gram of the sample into 4, and place about 10 cubic 
centimeters of concentrate sulphuric acid inc. Connect the 
apparatus, and weigh it carefully. 

Place a piece of rubber tubing over the tube g, and by 
gently sucking on this, draw a very little of the acid from a 
over tod. Then immediately close the tube d, by slipping 
over it one end of a short rubber tube, the other end of 
which is closed by a piece of glass rod. The carbon dioxide 
that is evolved passes through the flask c, where any mois- 
ture that it carries with it is absorbed by the sulphuric acid. 
As soon as the effervescence in 0 ceases, remove the tube 
from @, draw a little more acid over from a, and immedi- 
ately close dagain. Repeat this operation until the carbon- 
ate is completely decomposed, and the flask 6 contains some 
free acid. Now place this flask over a Bunsen burner, and 
heat it gently until the solution just begins to boil. Remove 
the burner, withdraw the glass rod from the rubber tube 
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ovet d, and in its place insert a small drying tube filled with 
equal parts of dry calcium chloride and sodalime; connect ¢ 
with an aspirator, and draw a little more than half a liter of 
air through the apparatus. This will suffice to remove all 
the carbon dioxide from the apparatus, and a larger quantity 
should be avoided. The air should not pass through the 
flasks faster than 2 or 3 bubbles per second. When all the 
carbon dioxide has been removed from the apparatus, allow 
it to stand till perfectly cool. Then remove the aspirator 
from g, and the drying tube from d, and weigh the apparatus 
at once. The difference in weight is the weight of carbon 
dioxide that has been expelled, and from this the percentage 
of carbon dioxide is readily calculated. It is the writer’s 
experience, that the results obtained by this method are not 
as accurate as those obtained by the first method. 

It may be mentioned at this point, that in determining the 
carbon dioxide united with metals whose sulphates are solu- 
ble, this method may be 
modified in a way that 
renders it more satisfac- 
tory. For this method, 
the apparatus shown in 
Fig. 9 is used. The two 
flasks, a and 34, usually 
have a capacity of about 
100cubic centimeters each, 
though smaller flasks may 
be used, if desirable. Fit each of these flasks with a doubly 
perforated rubber stopper. Through the first perforation in 
the stopper of the flask a, pass a piece of glass tubing about 
2 inches long, and bend it at right angles above the stopper. 
Through the other perforation of this stopper pass the long 
limb of the tube ¢, which is bent twice at right angles, so 
that it reaches nearly to the bottom of the flask. Pass the 
short limb of this tube through the first perforation in the 
stopper of 4, and through the other perforation pass the 
tube d, reaching nearly to the bottom of the flask, and bent 
at right angles above the stopper. 
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Fill the flask @ to about half its capacity with concentrate 
sulphuric acid. Weigh about 1 gram of the sample into 4, 
and then fill this flask to about one-third its capacity with 
pure water. Connect the apparatus and weigh it accurately. 
Close the tube @ by drawing over it one end of a short rub. 
ber tube, the other end of which is closed by a piece of glass 
rod, and slip the end of a rubber tube overc. By sucking 
on this tube, draw enough air out of & so that when the 
mouth is removed from this tube a few drops of sulphuric 
acid will pass through the tube e from a to 6. This decom- 
poses the carbonate, and the liberated carbon dioxide passes 
through e, is dried by the sulphuric acid in a, and escapes 
through c. When effervescence ceases, draw some more air 
out, thus causing a few more drops of acid to pass over to 4, 
and repeat this till the carbonate is entirely decomposed. 
Then suck quite vigorously on the tube attached to ¢, to 
cause considerable acid to flow over to 8, thus heating the 
solution sufficiently to expel any carbon dioxide that it may 
contain. Now remove the rod from the end of the rubber 
tube slipped over d, attach a drying tube containing calcium 
chloride and soda lime in its place, connect ¢ with an aspira- 
tor, and draw about half a liter of air through the apparatus 
at the rate of 2 bubbles persecond. This will remove all the 
carbon dioxide from the apparatus, and as it passes through 
the sulphuric acid, any moisture carried over with the gas is 
absorbed. Allow the apparatus to stand till it is perfectly 
cool, then remove the tubes from ¢ and d, and weigh the 
apparatus at once. The lossin weight is the weight of carbon 
dioxide expelled, and from this the percentage of carbon 
dioxide is calculated. 

3. A short and simple method for the determination of 
carbon dioxide in calcium carbonate, and all other anhydrous 
carbonates of the fixed basic elements, is based upon the fact 
that carbon dioxide is expelled from its combinations when 
they are fused with vitrified borax. The details of the 
process are as follows: 

Place about 5 grams of borax glass in a platinum crucible, 
heat it to fusion, cool in a desiccator, and weigh. Then add 


N* TITATIVE ANALYSIS, PART 3 ah 
about 1 gram of the calcium carbonate and weigh again. 
The weight of the sample taken and the total weight of 
crucible, sample, and borax are thus obtained. The sample 
and borax should be present in about the proportion of 1 : 4 
or1:5. Place the crucible over a burner, heat gradually 
to redness, and maintain this temperature until the contents 
are in a state of quiet fusion, but avoid excessive heat. Some 
bubbles of carbon dioxide will remain in the fused mass, but 
these do not influence the result. Remove the burner, and 
when the contents of the crucible become solid, place it in a 
desiccator, allow it to cool, and weigh. The loss in weight 
is the weight of carbon dioxide, and from this the percentage 
of carbon dioxide is calculated. 

This method yields accurate results if carefully performed. 
Borax may be fused at a red heat for half an hour without 
any appreciable loss of weight, but is volatilized quite rapidly 
at a white heat. 

The theoretical composition of calcium carbonate is as 
follows: 


ORD en, Os 56.00% 
BOR MR Le, TR ks 44.00% ~ 
100.00% 


MANGANOUS CHLORIDE 


22. Determination of Manganese.—Manganese may 
be determined by several methods, only two of which, one 
gravimetric and one volumetric, will be given. 

1. Gravimetric Method.—Dissolve 1 gram of the sample 
in about 100 cubic centimeters of water in a porcelain dish, 
heat the solution to boiling, and precipitate the manganese 
by slowly adding a slight excess of sodium carbonate, while 
stirring the solution continuously. Continue to boil the 
solution for a few minutes, and then stand the dish and 
contents in a warm place for the precipitate to collect and 
settle. If there is no hurry for the analysis, it is best to let 
it stand for 12 hours for the last particles of manganese to 
separate, but this is not necessary, for scarcely any difference 
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can be observed if it is filtered after standing 2 hours. When 
the precipitate has completely subsided, decant the clear 
supernatant liquid through the filter, and wash the precipi- 
tate twice by decantation with boiling water. Then bring 
it on to the filter, and continue to wash with hot water until 
the precipitate is perfectly clean. Dry the precipitate in an 
air bath, remove it from the filter as perfectly as possible, 
and burn the latter in a porcelain crucible. When the cru- 
cible cools, add the precipitate, cover the crucible, and ignite 
moderately; then remove the cover, and ignite intensely 
until a constant weight is obtained, taking care that only the 
top of the flame strikes the crucible, in order to prevent the 
possibility of reducing gases acting on the precipitate. Cool 
in a desiccator, and weigh as Mn,O,, which contains 72.05 
per cent. of manganese. From this, calculate the percentage 
of manganese in the sample. 

2. Volumetric Method.—Dissolve 1 gram of the sample 
in about 30 cubic centimeters of water, and from 15 to 20 
cubic centimeters of sulphuric acid, made by adding 1 part 
of concentrate acid to 3:parts of water. Evaporate until all 
hydrochloric acid is expelled, and heat the residue till dense 
white fumes of sulphur trioxide are given off. When the 
residue becomes cool, add 100 cubic centimeters of water, 
and heat until the residue is completely dissolved. Wash 
the solution into a liter flask, and nearly neutralize it with a 
strong solution of sodium carbonate. Add the carbonate 
until the precipitate at first formed redissolves in the slightly 
acid solution with difficulty. Then add a slight excess of 
zinc oxide* suspended in water, shake well, dilute to an exact 
liter, and again mix the contents of the flask thoroughly. 
When the precipitate has settled, filter through a dry, folded 
filter, and receive the filtrate in a dry beaker. Remove 100 
cubic centimeters of this solution to a flask of about 400 
cubic centimeters capacity by means of a pipette, and heat 
it to boiling. Remove the flask from the flame, add a little 

* Zinc oxide for this purpose is prepared by adding sufficient pure 


ZnO to water, so that when shaken together, a creamy emulsion is 
formed, 
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standard solution of potassium permanganate, shake quite 
thoroughly by giving it a rotary motion, and allow the precipi- 
tate to settle sufficiently so that the color of the clear super- 
natant liquid can be seen. If this is clear and colorless, add 
more permanganate, shake, allow the precipitate to settle, and 
continue this treatment until the clear solution assumesa pink 
color, due toaslight excess of permanganate. The titration 
must be completed before the solution has time to cool. 

It is best to use the first 100 cubic centimeters of solution 
to learn approximately the volume of permanganate used in 
this titration, and then titrate two or three more quantities, 
of 100 cubic centimeters each, to get the exact amount of 
standard solution used. By so doing, nearly the total quan- 
tity of permanganate can be added at once, and a more correct 
result is thus obtained with less trouble and in less time. 
From the mean of two or three titrations, calculate the man- 
ganese in 100 cubic centimeters of solution, which represents 
.l gram of sample, and from this result calculate the per- 
centage of manganese in the sample. 

This method is based upon the fact that when potassium 
permanganate is added to a neutral, or nearly neutral, solu- 
tion of manganous sulphate or nitrate, the manganese is 
precipitated according to the equation: 


2KMn0,+ 3MnSO,+2H,O = 5Mn0,42KHSO,+ H,S0, 


As soon as all the manganous salt is oxidized, the per- 
manganate colors the solution, and thus indicates the end 
of the reaction. As 2 molecules of permanganate only oxi- 
dize 3 molecules of manganese sulphate, while they oxidize 
10 molecules of ferrous sulphate, the oxidizing value of a per- 
manganate solution is only three-tenths as great with respect 
to manganese as toiron. As the atomic weights of iron and 
manganese are 56 and 55, respectively, the value in man- 
ganese of a solution whose value in iron is known, may be 
calculated as follows: 

fy X $8 = 188, or .2946 


Hence, the value of the permanganate used in iron, multi- 
lied by .2946, gives the value in manganese. 
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Instead of using either of the methods given, the manga- 
nese may be determined as pyrophosphate, by following 
the directions given in previous Sections on Quantitative 
Analysis. It is best, however, to use all of these methods 
in order to become familiar with them, for all three are 
largely used in analytical work. 


23. Determination of Chlorine.—Weighabout.5 gram 
of the sample into a beaker, dissolve in 100 cubic centimeters 
of cold water, precipitate the chlorine with a slight excess of 
silver nitrate acidified with nitric acid, and proceed with 
the determination of chlorine, as directed in Quantitative 
Analysts, Part 1. 


24. Determination of Water.—Weigh out from 1 to 
2 grams of the pulverized sample, and heat it in an air bath 
at a temperature ranging from 150° to 175°, until a constant 
weight is obtained. The sample should be heated for at 
least an hour before the first weighing. Probably a watch 
glass is the most convenient vessel in which to dry the 
sample. The loss in weight is the weight of water expelled 
by heat, and from this, the percentage of water in the sample 
is calculated. 

The theoretical composition of manganous chloride is as 
follows: 


1h oe a SAU AT EIR BP 27.78% 
SER Ee, 35.86% 
H,O 36.36% 

100. 00% 


COBALTOUS CHLORIDE 


25. Determination of Cobalt.— Dissolve 1 gram of the 
sample in 150 cubic centimeters of water, heat the solution 
to boiling, and precipitate the cobalt as hydrate, by slowly 
adding a slight excess of sodium hydrate to the boiling 
solution, while stirring continuously. Continue the boiling 
until the precipitate assumes a brownish-black color, and 
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becomes of uniform texture. Allow the precipitate to settle, 
decant the clear liquid through a filter, and wash three or 
four times with hot water, bringing to’ boiling and then 
allowing the precipitate to settle before each decantation. 
Finally bring the precipitate on to the filter and wash 
thoroughly with hot water, using a filter pump, if one is at 
hand. Place the precipitate and filter in a weighed Rose 
crucible, and ignite moderately with free access of air, until 
the paper is completely burned. Then, after allowing the 
crucible to cool, lead ina current of pure hydrogen, and ignite 
strongly until a constant weight is obtained. The precipitate 
must be allowed to coolin a current of hydrogen before each 
weighing. The cobalt hydrate at first formed is converted 
into oxide when ignited, and this is in turn reduced to 
metallic cobalt by ignition in hydrogen. 

The sodium hydrate clings to the precipitate of cobalt 
hydrate very tenaciously, but may usually be completely 
removed by thorough washing with hot water. It is best, 
however, in order to avoid the possibility of alkali adhering 
to the metallic residue, to wash this thoroughly with hot 
water, again ignite, and coolit in a current of hydrogen, and 
weigh as metallic cobalt. From this weight calculate the 
percentage of cobait in the sample. 

If nickel is present with cobalt in the sample, these metals 
must be separated before precipitating the cobalt, or the 
nickel will also be precipitated and weighed as cobalt. To 
accomplish this, dissolve the sample in a very small amount 
of water, and to this concentrate solution add a small excess 
of potassium hydrate. Then add acetic acid in just suffi- 
cient quantity to completely redissolve the precipitate at 
first formed, stir in a concentrate solution of potassium 
nitrite that has previously been just acidified with acetic 
acid, and stand the whole in a warm place for at least 
24 hours for the precipitate to collect and settle. The cobalt 
will be completely precipitated as potassium cobaltic nitrite, 
while the nickel remains in solution. Filter, and wash the 
precipitate with a 10-per-cent. solution of potassium acetate 
in water, to which a little potassium nitrite is added. Dry 
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the precipitate, remove it as completely as possible from the 
filter, and burn the latter. Add the precipitate to the ash, 
and dissolve it in the least necessary quantity of hydrochloric 
acid. If much acid is used, it must be evaporated nearly to 
dryness. Dilute the residue to about 50 cubic centimeters, 
heat to boiling, precipitate the cobalt with sodium hydrate, 
and proceed as directed above, weighing the cobalt in the 
metallic state. 


26. Determination of Chlorine. — Dissolve about 
.5 gram of the sample in 100 cubic centimeters of water, 
precipitate the chlorine as silver chloride, by adding silver 
nitrate acidified with nitric acid, and proceed as previousi, 
directed. 


2%. Determination of Water.—Heat about 1 gram of 
the pulverized sample in an air bath at 150° to 175°, until a 
constant weight is obtained. From the loss in weight, calcu- 
late the percentage of water in the sample, as in the case of 
manganous chloride. 

The theoretical composition of cobaltous chloride is as 
follows: 


(2, AS eS ME Be Ons a wd 24.19% 
CL. . SU 3s. Rh ee ee 29.83% 
UTSO).. ei reabiess 5 Mba Lior Ae 45.38% 

100.00% 


AMMONIUM ALUM 


28. Determination of Alumina.—Weigh 1 gram of 
the roughly pulverized sample into a beaker or porcelain 
dish, add 100 cubic centimeters of hot water, and stir until 
the sample is completely dissolved. Add 2 cubic centi- 
meters of concentrate hydrochloric acid, heat the solution to 
boiling, and precipitate the aluminum by adding a slight 
excess of ammonium hydrate in small successive portions, 
while stirring continuously. Continue the boiling a minute 
or two after precipitation is complete, and then stand aside 
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for the precipitate to settle. The solution should remain 
faintly alkaline, but only a very slight excess of ammonia 
should be present, for any considerable quantity will partially 
redissolve the precipitate. Decant the clear supernatant 
liquid through a filter, wash the precipitate once or twice 
by decantation with about 40 cubic centimeters of hot water, 
then bring the precipitate on to the filter and wash thoroughly 
with hot water. The washing is complete when a few drops 
of the wash water, acidified with nitric acid, give no reaction 
with silver nitrate, or a few drops, acidified with hydrochloric 
acid, give no precipitate with barium chloride. Dry the 
precipitate, fold it in the filter, and ignite, preferably in a 
platinum crucible, heating gently at first to burn off most of 
the paper, but finally at the full power of the blast lamp. 
Cool in a desiccator and weigh as aluminum oxide 4/,O.. 
From this weight, calculate the percentage of A/,O, in the 
sample. 


29. Determination of Sulphuric Acid.—Evaporate 
the filtrate to 150 or 200 cubic centimeters, and if any 
precipitate separates during the evaporation, filter it off, 
wash, ignite, weigh, and add this weight to the AZO, already 
weighed. When the solution has been sufficiently concen- 
trated, render it slightly acid with concentrate hydrochloric 
acid, and precipitate the sulphuric acid by adding a small 
excess of barium chloride to the boiling solution while stir- 
ring continuously. 

About 15 cubic centimeters of a 10-per-cent. solution is the 
right amount of reagent to use. Continue the boiling for a 
few minutes, allow the precipitate to settle, filter, wash, 
ignite, and weigh, following the directions already given in 
former Sections on Quantitative Analysis. From the weight 
of barium sulphate thus obtained, calculate the percentage of 
SO, in the sample. 

Instead of using the filtrate from the alumina for the 
determination of sulphuric acid, a separate sample of about 
1 gram may be dissolved in 150 or 200 cubic centimeters of 
water, a little hydrochloric acid added, and the sulphuric acid 
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determined as directed in a previous Section on Quantttative 
Analysis. ; 


30. Determination of Ammonia.—lIf carefully stand- 
ardized normal acid and alkali solutions are at hand, proceed 
with the determination of ammonia exactly as directed in 
Quantitative Analysts, Part 2, using about 2 grams of the 
roughly pulverized sample for the determination. The solu- 
tion is very likely to bump in this case, and it is sometimes 
necessary to give the flask a rotary motion throughout the 
entire process. 

In case standard acid and alkali solutions are not at hand, 
substitute dilute hydrochloric acid (about half normal acid 
is a good strength) for the normal sulphuric acid in the 
receiver and U tube shown in Fig. 5, Quantitative Analysis, 
Part 2, and proceed to drive over the ammonia exactly as 
there directed, absorbing it in the hydrochloric acid. ‘Two 
grams of the alum should be used for this determination, 
and the flask should be kept in motion, if necessary, to pre- 
vent bumping. Although the apparatus is quite rigid, it 
may be given sufficient motion to prevent bumping. When 
all the ammonia has been driven over and absorbed in the 
acid, disconnect the apparatus. Wash the contents of the 
receiver and U tube into a porcelain dish, and evaporate to 
dryness on the water bath. Dissolve the residue of ammo- 
nium chloride in from 3 to 5 cubic centimeters of water, and 
precipitate the ammonium with a slight excess of platinum- 
chloride solution, Place the dish on a water bath and evap- 
orate to a pasty condition without letting the water in the 
bath come quite to boiling. Remove the dish from the 
water bath, add about 50 cubic centimeters of 90-per-cent. 
alcohol, and 15 cubic centimeters of ether, stir the contents 
of the dish thoroughly, cover it with a watch glass, and let 
it stand in a cool place for an hour or two. Decant the clear 
liquid through the asbestos felt in a Gooch crucible which 
has been previously dried and weighed, wash the precipitate 
once by decantation with a mixture of 25 cubic centimeters 
of 90-per-cent. alcohol, and 8 cubic centimeters of ether, and 
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then wash the precipitate on the felt with the same mixture 
until all impurities are removed from the precipitate and 
felt, but avoid excessive washing. Suck the felt as dry.as 
_ possible by means of the filter pump, and then dry the cruci- 
ble and precipitate in an air bath at 130° until a constant 
weight is obtained. The crucible and contents should be 
heated for an hour before taking the first weighing. The 
increase in weight is the weight of ammonium-platinum 
chloride, and from this weight, the weight of (VH,),O is 
calculated by the proportion: 


(WH), PtCl, : (NH,),O = wt.(NH,),PICl, : x 


From the weight thus obtained, the percentage of (VH/,),0 
in the sample is readily calculated. 

Instead of weighing the precipitate in a Gooch crucible, it 
may be filtered and weighed by one of the methods described 
for the determination of potassium, in a former Section on 
Quantitative Analysis. 


31. Determination of Water.—For the determination 
of water, weigh out about 1 gram of the roughly pulverized 
sample, preferably on a watch glass, and heat it in an air 
bath at 250°, until a constant weight is obtained, heating for 
about 1 hour before making the first weighing. The loss in 
weight at this temperature is due to the expulsion of water 
by the heat, and from this loss in weight, the percentage of 
water in the sample is calculated. Care must be exercised 
in making this determination, for, at a little higher tempera- 
ture, ammonium sulphate will be driven off by heat and cal- 
culated as water. 

The theoretical composition of ammonium alum is as 
follows: 


AO) MMM SU 2 OPA AAA 11.27% 
ee ... PBR. P.. ete 5.13% 
MM). . doit sak. ew eae 35.31% 
SS) GO , . eO oat t 47.69% 


100.00% 
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SEPARATION OF POTASSIUM AND SODIUM 


32. As potassium and sodium must frequently be 
separated in analysis, it is well to obtain a little practice in 
making this separation, using a mixture of known composi- 
tion, This may be done gravimetrically or volumetrically. 


GRAVIMETRIC METHOD 


33. Preparation of the Sample.—Weigh accurately 
about .25 gram of pure sodium chloride, that has been dried 
at 100°, and cooled in a desiccator, and place it in a small, 
perfectly clean, porcelain dish. Then weigh out about the 
same amount of pure potassium chloride, that has been dried 
and cooled in the same manner, and mix it with the sodium 
chloride. The combined weight of the two chlorides is the 
weight of the sample of mixed chlorides taken for analysis. 


34. Determination of Potassium.—Dissolve the sam- 
ple of mixed chlorides in the least necessary quantity of cold 
water, add a strong solution of platinum chloride that is as 
nearly neutral as possible, in sufficient quantity to convert 
all of the sodium and potassium into the corresponding 
double chloride of platinum and these alkalies, and evaporate 
almost to dryness on a water bath in which the water is heated 
almost, but not quite, to boiling. Allow the residue to cool, 
add about 35 cubic centimeters of 80-per-cent. alcohol, and 
let it stand in a warm place for an hour or two, stirring 
occasionally. Decant the liquid through a weighed Gooch 
crucible, wash the precipitate by decantation with 80-per- 
cent. alcohol, then transfer it to the asbestos felt in the cru- 
cible, and wash with alcohol of the same strength until per- 
fectly clean, but avoid excessive washing. Remove the 
crucible to an air bath at 130°, until a constant weight is 
obtained. The crucible should be left in the air bath for an 
hour before the first weighing. The increase in weight is 
the weight of potassium-platinum chloride, and from this, 
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the weight of potassium chloride is calculated by the pro- 
portion 
Ueirl Cl: Nae winner’ Cl: x 

The weight of KC7 thus obtained should, of course, be 
the weight of AK C7 taken for analysis. 

Instead of weighing the precipitate in a Gooch crucible, a 
weighed filter may be employed, or it may be weighed in a 
platinum vessel, by following one of the methods described 
in a former Section. 


35. Determination of Sodium.—As there is no way 
to precipitate and weigh sodium, when this method of sep- 
aration is employed, the sodium is always determined by 
difference. This is a very simple operation, for, knowing 
that the original sample contained nothing but the chlorides 
of sodium and potassium, all that is necessary is to subtract 
the weight of potassium chloride from the original sample. 
Hence, in order to obtain the weight of sodium chloride in a 
mixture of sodium and potassium chlorides, determine the 
weight of potassium chloride as directed in the preceding 
article, and subtract this from the weight of the original 
sample. The result is the weight of sodium chloride. 


VOLUMETRIC METHOD 


36. Titration.—Weigh out a sample in the same way 
that this was done in the last instance, taking about equal 
quantities of the two chlorides, and having their combined 
weights amount to from .3 to.5 gram. Place the sample ina 
beaker or a medium-sized porcelain dish, dissolve in 75 or 
100 cubic centimeters of cold water, add a little potassium 
chromate, and titrate with a standard solution of silver . 
nitrate as has already been directed in a former Section. 
From the résult thus obtained, calculate the weight of 
chlorine in the sample. Instead of titrating this solu- 
tion with silver nitrate, using potassium chromate as an 
indicator, the weight of chlorine may be determined by 
Volhard’s method (see previous Section for full directions), 
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using standard solutions of silver nitrate and ammonium 
sulphocyanide, with iron alum as indicator. From the weight 
of chlorine obtained by one of these methods, the weight 
of each of the chlorides is calculated. The calculation 
follows. 


37. Calculation of Results.—The calculation is best 
explained by means of an example. Let us suppose that 
.5 gram of the mixed chlorides is taken for analysis, and that 
the weight of chlorine found by titration is .278 gram: 


B55, ote WALD) === 2G So ate OOO: 
at.wt.CZ mol.wt.KCZ wt. Cl 


From this proportion we see that if all the chlorine 
present were united with potassium, the weight of sample 
would be .5834 gram, but as the weight of sample taken 
was .5 gram, part of the chlorine present must be united with 
sodium, and sodium chloride is present in a quantity propor- 
tional to the difference in these weights. The quantity of 
sodium chloride may be calculated as follows: 

The difference between the molecular weights of potassium 
chloride and sodium chloride (16) is to the molecular weight 
of sodium chloride (58.5) as the difference found (.0834) is to 
the sodium chioride in the sample. 


16 : 58.5 = .0834: x 
4 = .3049)  Naes 
5 — 0049 = .1951 KCZ 


This indirect method of determining sodium and potas- 
sium yields very good results if the quantities of both 
elements are relatively large, and as the method is rapid and 
neat, it has much to commend it in such cases. When a 
relatively large amount of one of the alkalies is mixed with 
a small quantity of the other, the results obtained are not 
satisfactory, and in such cases the direct gravimetric method 
is recommended. 

If a standard silver-nitrate solution is not at hand, the 
sodium and potassium may be determined indirectly by 
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precipitating the chlorine as silver chloride, as already 
directed in a previous Section, weighing this, calculating 
the weight of chlorine from the weight of silver chloride, 
and from this weight, calculating the weights of the two 
chlorides, in the same way that this was done when the 
chlorine was determined volumetrically. This method does 
not yield accurate results when a small amount of one alkali 
is mixed with a large quantity of the other, and in such cases 
the direct gravimetric method should be employed. 


ALLOYS 


SILVER COINS 
Ag+ Cu 


38. Silver coins are made of an alloy of silver and cop- 
per, usually about 90 per cent. of silver and 10 per cent. of 
copper, but the proportion in which the two metals are 
mixed varies somewhat in different countries. A number 
of methods may be devised for the separation of these 
metals. A coin, or piece of silverware, is usually analyzed 
by successively precipitating the silver and copper from a 
solution of the sample and weighing the precipitates in the 
usual manner, but these metals may be separated by elec- 
trolysis, and on account of the constantly increasing impor- 
tance of the electrolytic methods, the student is strongly 
advised to make at least one determination by each method, | 
-for this is a very good analysis for practice. : 


THE ORDINARY METHOD 


39. Determination of Silver.—Dissolve between .5 and 
1 gram of the sample in dilute nitric acid in a small porce- 
lain dish, and evaporate the solution over a water bath until 
the residue solidifies, but remains slightly soft and moist. 
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Dissolve this residue in a little hot water, wash it into a 
beaker, and rinse out the dish, adding the washings to the 
solution in the beaker until this solution amounts to about 
"5 cubic centimeters. Heat the solution moderately, and 
precipitate the silver as chloride by gradually adding a 
slight excess of dilute hydrochloric acid while stirring the 
solution constantly. When a slight excess of the reagent 
has been added, increase the temperature and stir frequently, 
until the solution begins to boil, and the precipitate gathers 
together and settles readily. As soon as the precipitate 
settles, filter, and wash it thoroughly with hot water, taking 
care not to lose any of the filtrate or washings. Dry the 
precipitate, remove it as completely as possible from the 
filter, and burn the latter in a porcelain crucible. Add 3 or 
4 drops of nitric acid and 2 drops of hydrochloric acid to the 
ash in the crucible, evaporate to dryness, add the main pre- 
cipitate, ignite cautiously, cool in a desiccator, and weigh 
as silver chloride, following the directions given in a pre- 
vious Section. From this weight, calculate the percentage 
of silver in the sample in the usual manner. 


40. Determination of Copper.—The copper in the 
filtrate is probably determined as sulphide more often than 
in any other way, but it may also be determined as oxide, 
or as metallic copper, by means of electrolysis. The 
methods are as follows: 

1. Determination as Sulphide. —Evaporate the filtrate 
and washings to about 100 cubic centimeters, taking care 
not to lose any of the solution; cover the beaker to exclude 
the air as much as possible, and conduct a current of hydro- 
gen sulphide through the solution, while keeping it as near’ 
the boiling point as possible, until the copper is completely 
precipitated and the solution smells strongly of the pre- 
cipitant. As soon as the precipitate settles, filter as rapidly 
as possible, preferably with the aid of a filter pump, and 
wash without interruption with water containing hydrogen 
sulphide. Dry the precipitate, burn the filter, add a little 
sulphur to the precipitate, and ignite it in a Rose crucible in 
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a current of pure hydrogen, as has been directed in the Deter- 
mination of Copper as Sulphide, which should be read in con- 
nection with this determination. From the weight of cuprous 
sulphide Cu,S thus obtained, calculate the percentage of 
copper in the sample. 

As copper sulphide readily oxidizes to copper sulphate, 
when exposed to the action of air, the precipitate should be 
protected from the air as much as possible, and the filtration 
and washing should be accomplished in the least necessary 
time. In igniting the precipitate, care must be taken to 
have all the air expelled from the generator and crucible by 
the hydrogen, before applying heat, or an explosion will 
result. The whole operation should be carried through as 
rapidly as possible. 

2. Determination as Oxide.— Concentrate the filtrate 
from the silver to about 200 cubic centimeters, wash it into 
a porcelain dish, and heat it over a Bunsen burner. ‘To the 
gently boiling solution, slowly add a slight excess of sodium 
hydrate, while stirring continuously, and continue the boil- 
ing until the precipitate becomes black, and of uniform tex- 
ture. Allow the precipitate to settle, wash it two or three 
times by decantation with hot water, and then wash i: 
thoroughly on the filter with hot water. Dry the precipitate, 
remove it as completely as possible from the filter, and burn 
the latter in a porcelain crucible. Moisten the ash with 2 or 
3 drops of nitric acid, and evaporate to dryness. Then add 
the precipitate, ignite at the highest temperature of the 
Bunsen burner, cool, and weigh, as directed in Determi- 
nation of Copper as Oxide. The precipitate is copper 
oxide CuO, and from its weight, the percentage of copper 
is calculated in the usual manner. 

3. Determination as Metallic Copper, by Electrolysis.—To 
the filtrate from the silver, add 3 or 4 cubic centimeters of 
concentrate sulphuric acid, and evaporate until the residue 
becomes pasty. Then heat the residue until white fumes 
of SO, are given off, thus expelling all hydrochloric acid. 
Add about 1 cubic centimeter of dilute nitric acid, dilute to 
150 cubic centimeters, and deposit the copper by means of 


42 QUANTITATIVE ANALYSIS, PART 3 


an electric current, following the directions givenin a former 
Section on Quantitative Analysis. When the copper is all 
deposited, disconnect the apparatus, wash the negative elec- 
trode containing the copper by dipping it successively in 
three or four beakers of hot water, and finally in a beaker of 
alcohol, dry it quickly, and weigh as soon as cool. From the 
weight of copper thus obtained, calculate the percentage of 
copper in the sample. 

The filtrate from the silver is evaporated to dryness with 
the addition of sulphuric acid, in order to expel all the 
hydrochloric acid, and as this acid interferes with the deposi- 
tion of copper by electrolysis, this operation should not be 
neglected if accurate results are required. By using only a 
slight excess of dilute hydrochloric acid in precipitating the 
silver, and exercising care throughout the entire analysis, the 
writer has obtained very satisfactory results by electrolyzing 
the filtrate, without first expelling the small amount of 
hydrochloric acid present. 


SEPARATION BY ELECTROLYSIS 


41. Determination of Silver.—Dissolve about .5 gram 
of the sample in a small quantity of dilute nitric acid, and 
evaporate almost to dryness on the water bath in order to 
remove the excess of acid. While this is evaporating, dis- 
solve 5 or 6 grams of potassium cyanide in 150 or 200 cubic 
centimeters of water, and dissolve the residue, consisting of 
the nitrates of silver and copper, in this solution. Connect 
with a battery and electrolyze this solution, using a current 
that gives from .2 to .8 cubic centimeter of electrolytic gas 
(oxygen and hydrogen) per minute.* The potassium cyanide 
holds the copper in solution, but the silver begins to deposit 
at once. If the operation is carried out in the cold, it will 
take about 24 hours to completely precipitate the silver, but 

* Probably the best way to measure an electric current is to pass it 
through sulphuric acid of 1.22 Sp. Gr., in an apparatus similar to that 
shown in Fig. 13, Inorganic Chemistry, Part 2. The electrolytic gas 


evolved in a given time is collected over water and measured in a 
eudiometer. 
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the operation can be shortened to about 12 hours by heating 
the solution to 65° while the current is passing through it. 
When the silver is completely deposited, disconnect, wash, 
dry, and weigh the electrode, just as in the determination of 
copper (see Quantitative Analysis, Part 1), and from the 
weight of silver thus obtained, calculate the percentage of 
silver in the sample. 


42. Determination of Copper.—As soon as the silver 
is determined, connect the apparatus again, and through the 
solution containing the copper pass a current giving about 
3 cubic centimeters of electrolytic gas per minute. This 
will decompose the potassium cyanide, and as soon as the 
excess of cyanide is decomposed, the copper will commence 
to separate on the negative electrode in a dense bright coat- 
ing. The copper will be completely precipitated in a few 
hours. Wash the electrode by dipping it in hot water and 
alcohol in the usual manner, dry it in an air bath, and weigh 
as soon as cool. From the weight of copper thus obtained, 
calculate the percentage of copper in the sample. 


BRASS 
Cu+ Zn -+ (Pb) 

'438. Brass is essentially an alloy of copper and zinc, but 
as much of the brass of commerce also contains some lead, a 
careful qualitative analysis should precede the quantitative 
examination, and the method adopted should depend upon 
what we learn from this examination. If the sample con- 
tains lead, the following method is recommended. 


44, Determination of Lead. — Weigh out from 
.6 to 1 gram of the sample, and dissolve it in a slight excess 
of half-strength nitric acid. When solution is complete, 
heat gently until nitrous fumes cease to be evolved. Then 
add a little dilute sulphuric acid (from 5 to 10 cubic centi- 
meters, according to the size of the sample) and evaporate te 
dryness on the water bath. When dry, remove toa tripod, 

ILT 17C=26 
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and heat cautiously over a burner until white fumes of 
sulphuric acid begin to be given off. After the resi- 
due has become cool, add about 150 cubic centimeters of 
cold water, and allow it to stand for half an hour, stir- 
ring frequently until the precipitate is perfectly white. 
Filter off the lead sulphate, and wash it with water contain- 
ing a little sulphuric acid, until the other metals are 
completely removed from the precipitate and filter, taking 
care not to lose any of the filtrate or washings. Now 
remove the filtrate from under the funnel, and wash with 
dilute alcohol until all the sulphuric acid has been removed 
from the precipitate and filter. These washings may be 
thrown away, as they contain no metallic element. Dry 
the precipitate, remove it from the paper, burn the filter, 
convert any reduced lead to sulphate, add the precipitate, 
ignite gently, cool ina desiccator, and weigh as lead sulphate. 
From this weight, calculate the percentage of lead in the 
sample. (See the directions for the Determination of Lead 
as Sulphate in connection with this determination. ) 


45. Determination of Copper.—Evaporate the filtrate 
and washings from the lead determination to about 150 cubic 
centimeters, or, if a qualitative examination shows that the 
sample does not contain lead, omit all the preceding, evap- 
orate the original solution to dryness, without the addition 
of sulphuric acid, and dissolve the residue in about 150 cubic 
centimeters of water. In either case, add a gram of potas- 
sium nitrate to the solution, and separate the copper from 
the solution by electrolysis, as has been previously fully 
described. As soon as the solution becomes colorless, 
a drop of it should be removed to a porcelain plate, and 
mixed with a drop of hydrogen sulphide, and this should 
be repeated at frequent intervals until a black precipitate 
is no longer formed when the two liquids are mixed. The 
amount of zinc lost in thus testing is not appreciable. As 
soon as the copper is completely deposited, as indicated by 
the absence of a black precipitate when drops of the two 
liquids are mixed, the apparatus should be disconnected, as 
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asmall quantity of zinc is likely to be deposited on the elec- 
trode with the copper, if the current is allowed to pass 
through the solution after all the copper is deposited. 
Remove the electrodes from the solution, and while holding 
them over the beaker, rinse them off by means of a wash 
bottle, allowing the washings to run back into the main solu- 
tion, and thus avoiding loss of liquid containing zinc. Then 
wash the negative electrode in the usual manner, by dipping 
it successively into several beakers of hot water, and finally 
into a beaker of alcohol. Dry, cool, and weigh the electrode 
as rapidly as possible to prevent oxidation of the copper. 
The increase in weight is the weight of copper in the sample, 
and from this the percentage of copper is calculated. 


46. Determination of Zinc.—Heat the solution, from 
which the copper has been removed by electrolysis, to boil- 
ing, and precipitate the zine by adding a slight, but distinct, 
excess of sodium carbonate, in small successive portions, 
while stirring the solution continuously. After adding a 
slight excess of sodium carbonate, continue the boiling for 
15 minutes to complete the precipitation of the zinc. Allow 
the precipitate to settle completely, decant the clear liquid 
through a filter, and wash once or twice by decantation with 
hot water. Then transfer the precipitate to the filter, and 
wash with hot water until all impurities are removed, but 
avoid excessive washing. Dry the precipitate, remove it as 
completely as possible from the filter, and burn the paper at 
as low a temperature as possible. When the crucible cools, 
add the precipitate and ignite, gently at first, but gradually 
increasing the temperature, and finally igniting for 10 min- 
utes at the highest temperature of the Bunsen burner. Cool 
in a desiccator, weigh as zinc oxide ZzO, and from this 
weight, calculate the percentage of zinc in the sample. 

Sodium carbonate throws down a basic zinc carbonate, the 
exact composition of which probably varies with varying 
conditions. This precipitate is partially soluble in the pres- 
ence of either ammonia or ammonium salts, and in the 
presence of carbon dioxide. Both of these may be removed 
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by continued boiling with an excess of sodium carbonate. 
The precipitate is frequently very voluminous, though it 
varies widely in this respect under apparently similar condi- 
tions. The student is therefore not to suppose that errors 
have been made if one precipitate should appear much 
larger than the other. The filtrate should always be tested 
for zinc by the addition of ammonium sulphide; but when 
the boiling before filtration is sufficiently prolonged, no 
weighable quantity of zinc should be found in the filtrate. 
The zinc sulphide, if any appears, must be washed with 
water containing ammonium sulphide to prevent oxidation. 

The basic zinc carbonate loses water and carbon dioxide 
on ignition, leaving the zinc oxide. This oxide may be 
reduced to metallic zinc by contact with burning carbon, 
and the zinc may volatilize; a separation of the main por- 
tion of the precipitate from the filter is therefore necessary. 
This separation should be made as complete as possible, 
without an admixture of shreds from the filter paper. 

It is well to test the ignited zinc oxide, after weighing, 
with moist litmus paper for alkaline reaction. If this is 
found, the presence of alkali in the precipitate is indicated. 
It should then be boiled with water and again ignited, with 
the same precaution as before. 

The zinc may also be determined by the pyrophosphate 
method in the solution from which the copper has been 
removed. 


4%. Estimation of Copper and Zine by Volumetric 
Methods.—Weigh out from.4 to.6 gram of the sample, dis- 
solve in a mixture of 5 cubic centimeters of nitric acid and 
5 cubic centimeters of water. Boil until red fumes cease 
coming off, cautiously add, after cooling, 5 cubic centimeters 
of concentrated sulphuric acid and carefully heat over a 
burner until all nitric acid is driven off and suffocating white 
fumes are given off. Cool, dilute, and, if lead is present, 
separateasin Art.44, The filtrate from the lead, or the solu- 
tion in case no lead is present, is brought to about 15 cubic 
centimeters volume, either by evaporation or dilution. 
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Prepare two pieces of aluminum sheet about 14 inches square, 
bend up the alternate corners so that the pieces cannot lie 
flat, and place them in the beaker containing the solution of 
brass. Heat to boiling, keeping the beaker covered, and 
continue bojling until all the copper is precipitated; 10 min- 
utes is generally long enough. Pour the liquid into a flask 
of about 250 cubic centimeters capacity, and wash as much 
of the precipitated copper into the flask as possible. Allow 
the copper to settle in the flask and pour off the liquid 
through a small filter. Do not lose any liquid or copper and 
leave as much of the copper in the flask as possible. Wash 
the copper in the flask twice by decantation, using 100 cubic 
centimeters of hot water each time. Pour the wash water 
through the filter and unite with the filtrate. Now place 
the flask containing the washed copper under the funnel. 
To the beaker containing the aluminum add 5 cubic centime- 
ters of nitric acid and shake around until all traces of cop- 
per sticking to the aluminum are dissolved. Pour the acid on 
the paper and wash the aluminum (which may be used for a 
number of separations) and paper with water, catching all in 
the flask with the copper. Heat tocomplete solution of cop- 
per, evaporate to about 2 cubic centimeters, cool, add 10 cubic 
centimeters of water and 5 cubic centimeters of strong 
ammonia, boil for 2 minutes, cool, add 6 cubic centimeters 
of strong acetic acid, 50 cubic centimeters of water, 3 grams 
of potassium iodide, and titrate copper by the iodide method. 


48. Zine Determination.—Make the filtrate and wash- 
ings from the precipitated copper alkaline with ammonia, 
neutralize with hydrochloric acid, add 10 cubic centimeters 
strong hydrochloric acid, dilute to 250 cubic centimeters, heat 
to 65° C., and titrate the zinc by the ferrocyanide method. 


BRONZE et 
Cu + Sn + (Pb) (E" 
49. Bronze isan alloy of copper and tin, but often contains 
other metals, especially lead. A careful qualitative analysis 
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should first be made, and the method of analysis adopted 
should depend upon what this examination shows. As a 
rule, probably only tin and copper will be found, and, when 
such is the case, the method given below is recommended. 


ALLOY OF COPPER AND TIN 


50. Determination of Tin.—Weigh out, accurately, 
from .5 to 1 gram of the sample, which should be in a finely 
divided condition; transfer it to a porcelain dish that is cov- 
ered with a watch glass, and add enough half-strength nitric 
acid to decompose it, but avoid much excess of acid. When 
the action has nearly ceased, place the dish on a water bath, 
and evaporate the solution to dryness. To the solid residue, 
add concentrate hydrochloric acid drop by drop until it is 
thoroughly moistened, but take care not to add much more 
than is necessary to moisten the residue, for if enough is 
added so that there is any considerable quantity of free fluid 
present, it will hold some of the tin in solution and thus 
vitiate the results. After moistening the residue with 
hydrochloric acid, allow it to stand for half an hour; then 
add about 100 cubic centimeters of water and heat gently. 
The solid matter will now usually dissolve as cupric and 
stannic chlorides, but if a small quantity of stannic oxide 
remains undissolved, it makes no difference. To the solution 
add from 10 to 20 cubic centimeters of dilute sulphuric acid, 
according to the weight of sample taken, dilute to about 
200 cubic centimeters, boil for a few moments, and stand 
aside for 10 or 12 hours for the precipitate to completely 
separate and settle. Filter, and wash three times with hot 
water, nearly filling the filter with water each time, and 
taking care to direct the stream from the wash bottle around 
the top of the paper. Now remove the filtrate, which will 
contain all the copper, and stand it aside for the determina- 
tion of copper. Place another beaker under the funnel, and 
continue to wash the precipitate with hot water until the 
washings give no precipitate with silver nitrate. These 
washings do not contain copper, and may be thrown away. 
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Dry the precipitate, remove it as completely as possible to a 
watch glass, cautiously burn the filter in a porcelain crucible, 
and heat the residue with a few drops of nitric acid to 
oxidize any tin that may be reduced. When the crucible 
becomes cool, transfer the precipitate to it, add a little 
ammonium carbonate, and ignite at the highest temperature 
of the Bunsen burner. When the crucible has partly cooled, 
add a little more ammonium carbonate, and again ignite. 
Repeat this several times to remove most of the sulphuric 
acid, then ignite intensely over the blast lamp with the addi- 
tion of a little ammonium carbonate, and continue this treat- 
ment until a constant weight is obtained. The precipitate 
is stannic oxide SzQ,, and from its weight, the percentage of 
tin in the sample is calculated. SO, contains 78.81 per cent. 
of tin. 


51. Determination of Copper.—The copper in the 
filtrate may be determined in various ways. The filtrate is 
evaporated to about 100 cubic centimeters, and one of the 
following methods is applied. 

1. Heat the solution to boiling, precipitate the copper 
with a slight excess of sodium hydrate, and continue the 
boiling until the precipitate becomes uniform. Filter, wash, 
dry, ignite, and weigh as directed under the Determination 
of Copper as Oxide. From the weight of copper oxide CuO 
thus obtained, calculate the percentage of copper in the 
sample. 

2. Deposit the copper on a weighed negative electrode 
by means of a battery. Wash, dry, cool, and weigh, follow- 
ing the directions given under the Determination of Copper 
by Electrolysis. The increase in weight is the weight of 
copper in the sample, and from this, the percentage of copper 
is calculated. 

3. Acidify the solution with 1 or 2 cubic centimeters of 
concentrate hydrochloric acid, heat it to boiling, and precipi- 
tate the copper as sulphide, by leading a rather rapid current 
of hydrogen sulphide through the solution. The solution 
should be protected from the air during precipitation, and 
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this is best accomplished by passing the tube that leads tive 
hydrogen sulphide into the solution through a perforation in 
the watch glass placed over the beaker. As soon as the 
precipitate settles, filter, and wash with water containing 
hydrogen sulphide. Filtration and washing should be accom- 
plished as rapidly as possible. A filter pump may be used 
in this determination, but strong suction should be avoided, 
and as soon as one lot of wash water runs through, another 
lot should be added to protect the precipitate from the air. 
Dry the precipitate, ignite it, with the addition of sulphur, 
in a current of hydrogen, and weigh as cuprous sulphide Cu,S, 
following the directions given under the Determination of 
Copper as Sulphide. 


ALLOY OF COPPER, TIN, AND LEAD 


52. Determination of Tin.—If the bronze contains 
lead, the method just described cannot be employed, for the 
lead and tin would be precipitated together by the sulphuric 
acid. In this case, place from .5 to 1 gram of the finely 
divided sample in a covered porcelain dish, and add enough 
nitric acid of 1.3 Sp. Gr. to completely decompose it. When 
the action ceases, place the dish on a water bath and evap- 
orate to dryness. After all the nitric acid has been expelled, 
allow the residue to cool, moisten it with a few drops of nitric 
acid having the same strength as that used in decomposing 
the sample, and add about 100 cubic centimeters of water. 
Heat the solution almost to boiling, stir it well, and allow 
the precipitate to settle completely. Filter, and wash the 
precipitate with hot water until the washings scarcely redden 
blue litmus paper, taking care not to lose any of the filtrate 
or the first of the washings. A few drops of wash water from 
the third or fourth portion added, taken to test with litmus 
paper, will have no effect on the result. Dry the precipitate, 
remove it to a watch glass, burn the filter in a porcelain cru- 
cible, add a few drops of nitric acid to convert any tin, that 
may have been reduced while burning the paper, back to oxide, 
and evaporate to dryness. Add the precipitate, and ignite, 
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gently at first, but finally for 5 minutes at the full power of 
the blast lamp. Cool in a desiccator, and weigh. If the 
precipitate is white, it consists of stannic oxide S7O,, and the 
percentage of tin may be calculated from this weight. If, 
however, the precipitate is colored, it contains more or less 
copper oxide, and a correction must be made. ‘This is done 
as follows: 

To the precipitate in the porcelain crucible, add five or six 
times its weight of a mixture containing equal parts of dry 
sodium carbonate and sulphur, and heat until the contents 
of the crucible are in a state of quiet fusion. Allow the 
fusion to cool, and treat the residue with hot water until the 
tin dissolves as sodium sulphostannate Va,SuS, and leaves 
the copper precipitated as sulphide. After making sure that 
all tin has gone into solution, filter off the copper sulphide, 
wash it rapidly with hot water containing hydrogen sulphide; 
dry, burn the filter, add the precipitate and a little sulphur, 
ignite in a current of hydrogen, cool, and weigh as cuprous 
sulphide Cu,S. Note this weight and add it to the weight 
of cuprous sulphide obtained later in the determination of 
copper. On account of the relation of the atomic weights, 
the weight of copper oxide mixed with the stannic oxide is 
the same as the weight of cuprous sulphide found. Hence, 
subtract this weight from the weight of the mixed oxides, 
and from the result, calculate the percentage of tin in the 
sample. The percentage of tin in stannic oxide is usually 
given as 78.81. 


53. Determination of Lead.—To the filtrate from the 
tin, add about 10 cubic centimeters of dilute sulphuric acid, 
and evaporate the solution until white fumes of SO, begin to 
be driven off. Allow the residue to cool, add about 100 cubic 
centimeters of water, stand it aside for at least half an hour, 
and stir frequently until the precipitate is perfectly white. 
Filter, and wash with water containing a little sulphuric 
acid until the copper is completely removed from the pre- 
cipitate and filter. Then remove the filtrate, stand it aside 
for the determination of copper, place another beaker under 
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the funnel, and wash with dilute alcohol until the sulphuric 
acid is removed from the precipitate and filter. As these 
washings do not contain copper, they may be thrown away. 
Dry the filter and precipitate and proceed with the deter- 
mination of lead by one of the methods described under the 
Determination of Lead as Sulphate. 

Instead of evaporating the solution almost to dryness after 
adding sulphuric acid, the lead may be determined by evap- 
orating to about 100 cubic centimeters, adding 10 cubic 
centimeters of dilute sulphuric acid to the moderately warm 
solution, stirring well, allowing the solution to stand for 
several hours for the precipitate to collect and settle, filter- 
ing and proceeding as above, but the first method is 
recommended. 


54. Determination of Copper.—Evaporate the filtrate, 
from which the lead has been separated, to about 100 cubic 
centimeters, precipitate the copper as oxide, sulphide, or as 
metallic copper, or determine it volumetrically, following the 
directions previously given, and from the weight of the copper 
obtained, added to the weight of copper separated from the tin 
precipitate, calculate the percentage of copper in the sample. 
If the copper is precipitated as sulphide or oxide, the weights 
of the two precipitates may be added. Otherwise the weight 
of copper in the first precipitate must be calculated and added 
to the weight of copper in the second determination. 


TYPE METAL 
Sb-+ Pb 


55. Determination of Lead.—Dissolve from 2 to 
3 grams of tartaric acid in the least necessary quantity of 
water so as to get a saturated solution, and to this add an 
equal volume of concentrate nitric acid. Then weigh out 
from .6 to 1 gram of the finely divided sample, add it to the 
mixture of acids and stir with a glass rod till the sample is 
completely dissolved, applying gentle heat if necessary. It 
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is often a difficult matter to dissolve this alloy, and if the 
sample is not finely divided there is much danger of failure. 
‘Usually, solution is best accomplished by adding the finely 
divided sample to about three times its weight of solid tar- 
taric acid dissolved in the least necessary quantity of wate 
and mixed with an equal volume of concentrate nitric acid, 
but sometimes a slightly different proportion appears to be 
better. When all is dissolved, dilute the solution to from 
75 to 100 cubic centimeters, and precipitate most of the lead 
with a slight excess of dilute sulphuric acid. Allow the pre- 
cipitate to settle, and filter, receiving the filtrate in a porce- 
lain dish. When the liquid has all run through the filter, 
stand the filtrate aside, place a beaker or second porcelain 
dish under the funnel, wash the precipitate thoroughly with 
pure water, anddry it in an air bath. Evaporate the wash- 
ings to a very small bulk, and add this solution to the filtrate 
in the porcelain dish. The solution thus obtained will con- 
tain all the antimony, and a little lead that was not separated 
by the sulphuric acid. To this solution, add ammonium 
hydrate until it is distinctly alkaline, and then add an excess 
of ammouium sulphide and boil for 5 minutes. This will 
at first precipitate all of the lead and part of the antimony 
as sulphides, but upon heating, the antimony will all go into 
solution in the excess of ammonium sulphide, as ammonium 
sulphantimonite (VH,),SOS,, while the lead will remain 
undissolved, as black lead sulphide PbS. Allow the precipi: 
tate to settle, decant the clear liquid through a filter, adda 
little more ammonium sulphide to the precipitate, and digest 
it on a water bath for 10 or 15 minutes. Then bring the 
precipitate on to the filter, wash thoroughly with pure water, 
and dry it in the air bath. Remove the precipitates of lead 
sulphate and sulphide to separate watch glasses, and burn 
the filters together in a porcelain crucible. When the cru- 
cible becomes cool, brush in the precipitate of lead sulphide, 
add 5 or 6 drops of nitric acid and 2 drops of sulphuric 
acid, and evaporate to dryness. If the precipitate is not 
white now, the treatment with acids must be repeated. The 
precipitate of sulphide, and the lead that was reduced in 
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burning the filters, will now .be converted into sulphate. 
After allowing the crucible to cool, add the precipitate of 
lead sulphate, cover the crucible, heat to low redness over a 
Bunsen burner for 5 minutes, cool in a desiccator, and weigh 
as lead sulphate. From this weight, calculate the percent- 
age of lead in the sample. 


56. Determination of Antimony.— To the alkaline 
filtrate from the lead sulphide, add dilute hydrochloric acid 
until the solution has a distinct acid reaction, but avoid a 
large excess of acid. This will precipitate the antimony as 
sulphide, together with some free sulphur. Heat the solu- 
tion and precipitate on the water bath until the hydrogen 
sulphide is completely expelled. The removal of the hydro- 
gen sulphide may be hastened by leading a current of car- 
bon dioxide through the hot solution. When the solution no 
longer smells of hydrogen sulphide, filter through a paper 
that has been dried at a temperature ranging from 100° to 
110° and weighed between matched watch glasses; wash 
the precipitate thoroughly with hot water, remove precipi- 
tate and filter to an air bath, dry it at the same temperature 
that was employed in drying the filter alone, and weigh 
between matched glasses. As the weight always changes 
quite rapidly in these cases, the weighings should be made 
in as nearly the same time, and under as nearly the same 
conditions as possible. The increase in weight over the 
weight of the paper alone is the weight of the precipitate. 
This consists of a variable mixture of antimony sulphide, 
sulphur, and water, and a correction must be made either by 
heating in a current of carbon dioxide, or by treating with 
fuming nitric acid, following the directions given under the 
Determination of Antimony as Sulphide, in either case. If 
the precipitate is large enough, it is best to treat separate 
portions of it by each method, and take the mean of the 
results calculated by these two methods as the weight of 
antimony sulphide. From this weight, calculate the per- 
centage of antimony in the sample. 

Instead of weighing the lead as sulphate after separating 
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most of it by means of sulphuric acid, it is sometimes pre- 
cipitated as sulphide by adding ammonium sulphide to the 
alkaline solution, and weighed as such after igniting in a 
current of hydrogen. This method is not advised, however, 
. for when a large amount of lead is precipitated as sulphide 
from a solution that also contains antimony, some of the 
antimony is invariably precipitated with the lead. This 
difficulty is obviated by precipitating most of the lead as 
sulphate, and then precipitating the small amount that 
remains as sulphide, as directed in the first instance. 


SOFT SOLDER OR PEWTER 
Sn + Pb 


5%. Determination of Tin.—Weigh out about.5 gram 
of the finely divided sample, and cautiously add sufficient 
nitric acid of 1.3 Sp. Gr. to completely decompose it. When 
the action nearly ceases, evaporate the solution to dryness 
on the water bath. Adda few drops of nitric acid to the 
residue, then add about 100 cubic centimeters of water, heat 
almost to boiling, allow the precipitate to settle, and filter. 
Wash the precipitate thoroughly with hot water, and dry it 
in the air bath. Remove the precipitate to a watch glass, 
and cautiously burn the filter in a porcelain crucible, using 
as little heat as possible. To the ash, add a few drops of 
nitric acid of 1.3 Sp. Gr. to oxidize any tin that may have 
been reduced while burning the paper, and evaporate to dry- 
ness. When the crucible cools, add the precipitate, heat, 
gently at first, but finally ignite strongly over the blast 
lamp for 5 minutes, cool in a desiccator, and weigh. The 
precipitate, which consists principally of stannic oxide, will 
nearly always contain some lead, and a correction must be 
made. 

To do this, mix the precipitate in the porcelain crucible 
with five or six times its weight of a mixture of equal parts 
of dry sodium carbonate and flowers of sulphur, and heat 
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at a moderate temperature over a blast lamp, or at the 
highest power of a Bunsen burner, until the contents 
of the crucible are in a state of quiet fusion. Cool the cru. 
cible, and digest the fused residue with water, stirring fre- 
quently, until the tin is completely dissolved as sodium . 
sulphostannate JVa,SuS,, and the lead remains as black 
insoluble sulphide PbS. Filter off the lead sulphide, wash 
it thoroughly with hot water, and dry it in an air bath. 
Remove the precipitate as completely as possible from the 
filter, and burn the latter in a porcelain crucible, using as 
little heat as possible. When the crucible is cool, add the 
precipitate, moisten it with 5 or 6 drops of nitric acid, add 
2 drops of concentrate sulphuric acid, and evaporate to dry- 
ness. If this does not render the precipitate white, the 
treatment with acids must be repeated until it is white. 
Then ignite it gently over a Bunsen burner, cool in a desic- 
cator, and weigh as lead sulphate. Note this weight and 
add it to the weight of lead sulphate obtained later, in the 
determination of lead. 

From the weight of lead sulphate thus obtained, calculate 
the weight of lead oxide that was mixed with the stannic 
oxide, and subtract this weight from the weight of the orig- 
inal precipitate. The result is the weight of stannic oxide 
SnO,, and from this weight, the percentage of tin in the 
sample is calculated. 


58. Determination of Lead.—To the filtrate from the 
stannic oxide, add dilute sulphuric acid in moderate excess, 
and evaporate on the water bath until all the nitric acid is 
expelled. The appearance of the residue at this point will 
depend upon the amount of sulphuric acid added. If onlya 
slight excess is present the residue will be almost dry, but if 
more has been added it will remain mixed with the residue, 
as the heat of the water bath is not sufficient to expel it. A 
moderate excess of acid does no harm, but a large excess 
should be avoided. It is a good plan to remove the residue 
from the water bath, and heat it gently over a Bunsen 
burner until fumes of SO, begin to be given off, but this is 
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unnecessary if evaporation on the water bath is continued 
until certain that all nitric acid is expelled. 

After the residue is cool, add 50 cubic centimeters of cold 
water, stir well, and then add an equal amount of 95-per- 
cent. alcohol, and allow to stand for half an hour while stir- 
ring frequently. Allow the precipitate to settle, filter 
through an asbestos felt in a porcelain Gooch crucible that 
has been previously dried and weighed, wash thoroughly 
with half-strength alcohol, and dry in an air bath at 130°, 
Cool the crucible and precipitate in a desiccator, and weigh 
as lead sulphate. The porcelain crucibles of Gooch’s form 
do not have a cap to fit over the bottom, but as the precipi- 
tate does not come in contact with reducing gases in this 
operation, this does not matter. 

The porcelain Gooch crucible is very handy in this deter- 
mination, but if one is not available, a weighed filter may be 
substituted, or the precipitate may be filtered, washed, dried, 
ignited, and weighed in the ordinary manner, following the 
directions given under the Determination of Lead as Sul- 
phate. In any case, add to the weight of this precipitate the 
weight of lead sulphate separated from the stannic oxide, and 
from the resulting weight, calculate the percentage of lead 
in the sample. 


NICKEL COINS 
Cut+Nt 


59. Nickel coins are made from an alloy of copper and 
nickel, and according to the United States Government, our 
nickel coins contain no impurities. They are usually analyzed 
by successively separating the metals from a solution by means 
of reagents, but if the coins are pure, they may be completely 
analyzed by means of the electric current, as in the case of 
silver coins, and the analysis may be largely performed by 
means of electrolysis in any case. The ordinary method and 
the electrolytic separation are both given. 
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THE ORDINARY METHOD 


60. Determination of Copper.—Dissolve from .5 to 
1 gram of the sample in a little dilute nitric acid, and evap- 
orate to dryness on the water bath. Moisten the residue 
with 3 or 4 cubic centimeters of concentrate hydrochloric 
acid, and dissolve it in 100 cubic centimeters of water. 
Heat this solution to boiling, cover the beaker, and precipi- 
tate the copper by passing a rather rapid current of hydrogen 
sulphide through the hot solution. Filter as soon as the 
precipitate settles, and wash thoroughly on the filter with 
water containing hydrogen sulphide. Dry the precipitate, 
ignite it with the addition of sulphur, in a current of hydro- 
gen, weigh as cuprous sulphide Cwz,S, and from the weight 
thus obtained, calculate the percentage of copper in the 
sample. The Determination of Copper as Sulphide should 
be read in connection with this determiration, and the direc- 
tions there given should be closely followed. 


61. Determination of Nickel.—Boil the filtrate from 
the copper until the hydrogen sulphide is all expelled and 
the solution is evaporated to about 150 cubic centimeters. 
Wash this solution into a porcelain dish, heat it to boiling, 
precipitate the nickel with a moderate excess of sodium 
hydrate, and continue the boiling. After a few minutes, 
add bromine water to this boiling solution, in small succes- 
sive quantities, while stirring continuously, until the precipi- 
tate becomes black and of uniform texture. The solution 
must be kept slightly alkaline throughout the operation. 
Wash the precipitate three or four times by decantation 
with hot water, and then wash on the filter with hot water 
until the last trace of alkali is removed. Dry the precipitate, 
and proceed according to one of the following methods. If 
a qualitative analysis has shown that the sample con- 
tains only copper and nickel, the first method is recom- 
mended, but if iron or cobalt is present, the second method 
is better. 

1. Remove the precipitate from the filter, and burn the 
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latter in a weighed porcelain crucible. Add 2 or 3 drops of 
nitric acid to the ash, and cautiously evaporate to dryness. 
Then add the precipitate, ignite strongly, cool in a desic- 
cator, and weigh as nickel oxide WzO. From this weight, 
calculate the percentage of nickel in the sample. 

2. Burn the filter in a weighed Rose crucible, allow the 
crucible to cool, add the precipitate, lead in hydrogen, and 
when the air has all been expelled by the hydrogen, ignite 
as in the determination of copper as sulphide (see Deter- 
mination of Copper as Sulphide), until a constant weight is 
obtained. The precipitate must be allowed to cool in the 
current of hydrogen before each weighing. The nickel will 
now be in the metallic condition, and if cobalt and iron are 
present, they will also be in the metallic state. If the pre- 
cipitate is pure nickel, the percentage of nickel in the sam- 
ple may be calculated directly from this weight, but if iron 
or cobalt is present, a correction must first be made. This 
is done as follows: 

Dissoive the metallic residue that has just been weighed 
in a small quantity of nitric acid, nearly neutralize the solu- 
tion with ammonium hydrate, and then add an excess of 
ammonium carbonate. ‘This will precipitate the iron as 
hydrate, while the cobalt and nickel at first precipitated 
dissolve in the excess of reagent. After digesting on the 
water bath for some time, filter, and wash two or three times 
on the filter with hot water. Then dissolve the precipitate on 
the filter, by pouring a little warm dilute hydrochloric acid 
overit. Wash the filter once with water, then pour a little 
more dilute hydrochloric acid over it, and wash twice more 
with water, receiving the solution and washings in a clean 
beaker. Nearly neutralize the solution with ammonium 
hydrate, and again precipitate the iron with an excess of 
ammonium carbonate. Digest on the water bath for about 
half an hour, filter, wash once with hot water, and then add 
this filtrate to the original filtrate and set it aside for further 
treatment. Then continue to wash the precipitate of ferric 
hydrate with hot water, until it is perfectly clean. Fold the 
filter around the precipitate, place it in a weighed crucible. 

ILT 17C—27 


60 QUANTITATIVE ANALYSIS, PART 3 


ignite gently at first, and then raise the temperature aud 
ignite at the full power of the blast lamp for several minutes. 
Cool the crucible and precipitate in a desiccator, and weigh 
as ferric oxide /e,O,.. From this weight, calculate the weight 
and percentage of iron in the sample. 

The filtrate from the iron contains the nickel and cobalt. 
Evaporate this solution to dryness, and heat the residue 
cautiously to expel ammonium salts. When cool, add a 
little hydrochloric acid, and a few drops of nitric acid to the 
residue, and dissolve it in a few cubic centimeters of water. 
Render this solution alkaline with potassium hydrate, and 
then add just enough acetic acid to completely dissolve the 
precipitate produced by the potassium hydrate. To this 
solution, add a concentrate solution of potassium nitrite, 
acidulated with acetic acid, stir well, and stand in a warm 
place for 24 hours. The cobalt will now be completely 
precipitated as yellow potassium cobaltic nitrite, while the 
nickel remains in solution. Filter, and wash the precipitate 
well with a 10-per-cent. solution of potassium acetate, to 
which a little potassium nitrite is added. Dry the precipi- 
tate, remove it as completely as possible from the filter, 
and burn the latter. Add the precipitate to the ash, and dis- 
solve it in the least necessary quantity of hydrochloric 
acid. Dilute the solution to about 50 cubic centimeters, 
heat to boiling, precipitate the cobalt with a slight excess 
of sodium hydrate, and continue the boiling until the pre- 
cipitate becomes black and of uniform texture. Filter, 
using a pump if one is at hand, wash thoroughly with 
hot water, and suck the precipitate and filter as dry as 
possible by means of the pump. Fold the filter around the 
precipitate, and ignite in a Rose crucible to burn the paper; 
then ignite the precipitate in a current of hydrogen, and 
weigh as metallic cobalt. From this, calculate the per- 
centage of cobalt in the sample, then add the weights of 
cobalt and iron, subtract this from the weight of the origi- 
nal precipitate consisting of nickel, cobalt, and iron, and 
from the weight thus obtained, calculate the percentage of 
nickel in the sample. 
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ELECTROLYTIC SEPARATION 


62. Determination of Copper.—Dissolve about .4 or 
.5 gram of the sample in dilute nitric acid, and evaporate to 
dryness on the water bath. Add 5 cubic centimeters of con- 
centrate nitric acid to the residue, and dissolve it in 200 cubic 
centimeters of water. By means of the battery, deposit the 
copper from this solution on the negative electrode, follow- 
ing the directions given under the Determination of Copper 
by Electrolysis. When the copper is all deposited, hold the 
electrode over the beaker and wash the liquid adhering to it 
back into the solution by directing a fine stream of water froma 
wash bottle on tothe electrode. Then wash in the usual man- 
ner, by dipping the electrode into several beakers of hot water, 
and finally intoalcohol. Dry inanair bath atabout 110°, cool 
in a desiccator, and weigh. From the weight of copper thus 
obtained, calculate the percentage of copper in the sample. 


63. Determination of Nickel.—If a qualitative analy- 
sis has shown that the coin contains only copper and nickel, 
render the solution from which the copper has just been 
separated strongly alkaline with ammonia, heat it to 60° or 
70°, and deposit the nickel by means of an electric current 
liberating about 10 cubic centimeters of electrolytic gas per 
minute. Ammonia will be expelled from the solution quite 
rapidly at this temperature, and as the solution must be kept 
distinctly alkaline all the time, small quantities of ammonia 
must be added frequently to take the place of that driven 
off by the heat. When the nickel is completely deposited, 
disconnect the apparatus; wash the electrode by dipping it 
into several beakers of hot water and then into alcohol, dry, 
cool, and weigh, and from the weight of nickel thus obtained, 
calculate the percentage of nickel in the sample. 

If, in addition to copper and nickel, the coin contains iron 
and cobalt, the method must be modified as follows: 

After separating the copper, heat the solution to boiling, 
and render it alkaline with ammonia. If iron is present, it 
will be precipitated as ferric hydrate. Filter, wash well with 
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hot water, wrap the precipitate in the filter, place in a cruci- 
ble and ignite gently at first, but finally at the highest 
temperature of the blast lamp. Cool in a desiccator, weigh 
as ferric oxide /¢,O,, and from this weight, calculate the 
percentage of iron in the sample. 

Render the filtrate strongly alkaline with ammonia, heat 
it to about 65°, and deposit the nickel and cobalt together on 
the negative electrode, by means of the electric current, in 
the same way that the nickel was deposited in the last 
instance. When the precipitation is complete, wash the 
electrode containing the two metals in the usual manner, by 
dipping it into hot water and alcohol, dry it in an air bath, 
cool in a desiccator, and weigh. The weight of nickel and 
cobalt is thus obtained. 

Dissolve the metals from the electrode in a small quantity 
of nitric acid, and evaporate to a pasty condition on the 
water bath. Dissolve the residue in a few cubic centimeters 
of water, render the solution slightly alkaline with potassium 
hydrate, and add just enough acetic acid to completely dis- 
solve the precipitate formed by the potassium hydrate. To 
this solution, add a strong solution of potassium nitrite that 
has been acidulated with acetic acid, stir well, and stand ina 
moderately warm place for 24 hours. 

Filter, wash well with a 10-per-cent. solution of potassium 
acetate containing alittle potassium nitrite. Dry the precip- 
itate, remove it as completely as possible from the filter, and 
burn the latter. Add the precipitate to the filter ash, dissolve 
it in the least necessary quantity of hydrochloric acid, dilute 
to about 50 cubic centimeters, heat to boiling, precipitate the 
cobalt with a slight excess of sodium hydrate, and continue 
the boiling until the precipitate becomes black and of uniform 
texture. Filter, wash with hot water, ignite in a current of 
hydrogen, and weigh as metallic cobalt. 

Instead of precipitating the cobalt as just described, it 
may be determined by electrolysis. To do this, dissolve the 
precipitate of potassium cobalt nitrite in the least necessary 
quantity of hydrochloric acid, evaporate nearly to dryness, 
add a few drops of concentrate nitrie acid, and dissolve in 
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water. Render this solution distinctly alkaline with ammo- 
nia, heat it to 60° or 70°, and deposit the cobalt in the same 
way that the nickel was precipitated. Wash, dry, cool, and 
weigh the electrode containing the cobalt in the usual man- 
ner. From the weight of cobalt obtained by one of these 
methods, calculate the percentage of cobalt in the sample. 
Then subtract the weight of cobalt from the weight of nickel 
and cobalt previously obtained, and from the weight of 
nickel thus found, calculate the percentage of nickel in the 
sample. 


GERMAN SILVER 
Cut Zn+t Ni 


64. Determination of Copper.—The copper may be 
determined as sulphide by precipitating with hydrogen sul- 
phide, or as metallic copper by depositing it electrolytically. 
As electrolytic methods are comparatively new, the first 
method is the most largely used at present. 

1. Dissolve about 1 gram of the sample in the least 
necessary quantity of nitric acid, and evaporate to dryness 
on the water bath. Add 5 or 6 cubic centimeters of hydro- 
chloric acid to the residue, dissolve it in 100 cubic centi- 
meters of water, heat the solution to incipient boiling, and. 
precipitate the copper as sulphide by leading a moderately 
rapid current of hydrogen sulphide through the solution, 
which should be in a covered beaker. Filter rapidly, wash 
without interruption with water containing hydrogen sul- 
phide, and dry in an air bath. This precipitate invariably 
contains some zinc sulphide and must, consequently, be 
purified. Remove it as completely as possible from the 
filter, burn the latter, moisten the ash with nitric acid, and 
evaporate to dryness. Then add the precipitate, dissolve 
the whole in nitric acid and evaporate to dryness. Add 
about 5 cubic centimeters of concentrate hydrochloric acid, 
dissolve in 100 cubic centimeters of water, heat the solution 
to boiling, and again precipitate the copper with a current 
of hydrogen sulphide. The precipitate will now be free 
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from zinc. Filter, wash with*‘water containing hydrogen 
sulphide, dry, ignite in acurrent of hydrogen with the addi- 
tion of a little sulphur, and weigh as cuprous sulphide Cw,S. 
From this weight, calculate the percentage of copper in the 
sample. 

2. Dissolve about .5 gram of the sample in nitric acid 
and evaporate to dryness on the water bath. Add about 
5 cubic centimeters of concentrate nitric acid to the residue, 
dissolve it in 200 cubic centimeters of water, and deposit the 
copper on the negative electrode, using an electric current 
that liberates from .5 to 1 cubic centimeter of electrolytic 
gas per minute. When all the copper is deposited, remove 
the electrodes from the solution, and while holding them 
over the beaker, wash the liquid adhering to them back into © 
the solution. Then wash the electrode containing the copper 
by dipping it successively into three or four beakers of hot 
water anda beaker of alcohol. Dry the electrode and copper 
in an air bath at 110°, cool in a desiccator, and weigh. From 
the weight of copper thus obtained, calculate the percentage 
of copper in the sample. 


65. Determination of Zine.—If the copper was sepa- 
rated as sulphide, unite the two filtrates and boil until hydro- 
gen sulphide is completely expelled, finally adding a few 
drops of nitric acid. In either case, evaporate the solution 
to about 150 cubic centimeters, add sodium carbonate drop 
by drop until the last drop produces a permanent precipitate, 
and dissolve this precipitate by adding a single drop of con- 
centrate hydrochloric acid. When this solution is perfectly 
cold, conduct a current of hydrogen sulphide into it as long 
as a precipitate forms, then add a few drops of a dilute solu- 
tion of sodium acetate, continue to lead hydrogen sulphide 
through the solution untilit is thoroughly saturated, and 
allow it to stand for 12 hours in a moderately warm place. 
Filter off the zinc sulphide, wash at first with water contain- 
ing a little ammonium nitrate and hydrogen sulphide, and 
then with water containing only a little hydrogen sulphide. 
If the above directions are carefully followed, the precipitate 
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will now be pure zinc sulphide and may be dried, ignited, 
and weighed, according to directions given later; butasa 
slight variation from the proper method of procedure may 
cause the precipitation of some nickel, it is best to dissolve 
the precipitate in the least necessary quantity of dilute nitric 
acid, evaporate the solution almost to dryness to expel most 
of the excess of acid, and then dilute to about 100 cubic 
centimeters. Render this solution almost neutral, by adding 
sodium carbonate until the last drop produces a precipitate, 
dissolve this with a drop of hydrochloric acid, and precipi- 
tate the zinc by a current of hydrogen sulphide in the same 
way that this was done in the first instance. After allowing 
the solution to stand for 12 hours for the precipitate to col- 
lect and settle, filter, and wash at first with water containing 
a little ammonium nitrate and hydrogen sulphide, and then 
with water containing only hydrogen sulphide. Dry the 
precipitate, remove it from the filter, burn the latter in a 
Rose crucible, add the precipitate together with a little sul- 
phur, and ignite over a Bunsen burner in a current of hydro- 
gen. Allow the precipitate to cool in a current of hydrogen, 
weigh as zinc sulphide 77S, and from this weight, calculate 
the percentage of zinc in the sample. 


66. Determination of Nickel.—Combine the two fil- 
trates from the zinc sulphide, boil with the addition of a few 
drops of nitric acid, to expel all hydrogen sulphide, evapo- 
rate the solution to about 150 cubic centimeters, and deter- 
mine the nickel by one of the following methods: 

1. Render the solution strongly alkaline with ammonia, 
heat it to 65° or 70°, and deposit the nickel electrolytically 
by means of a current liberating from 5 to 12 cubic centi- 
meters of electrolytic gas per minute. When the nickel is 
all deposited, wash the negative electrode containing the 
nickel, by dipping it into several beakers of hot water, and 
finally into a beaker of alcohol. Dry, cool, weigh, and from 
the weight of nickel thus obtained, calculate the percentage 
of nickel in the sample. 

2. Wash the solution into a porcelain dish, heat it to 
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boiling, precipitate the nickel.with an excess of sodium 
hydrate added in small successive portions while stirring con- 
stantly, and continue the boiling until the odor of ammonia has 
entirely disappeared. Then, to the gently boiling solution, 
add bromine water in small successive quantities, and with 
constant stirring, until the precipitate becomes black and of 
uniform texture, taking care that the solution remains alka- 
line throughout the operation. Allow the precipitate to 
settle, wash it 2 or 3 times by decantation with hot water, 
then filter, and wash on the filter with hot water, until the 
washings no longer have an alkaline reaction when tested 
with litmus paper. Dry the precipitate, remove it from the 
filter, burn the latter in a porcelain crucible, add a drop or 
two of concentrate nitric acid, and evaporate to dryness 
to change any nickel that may be reduced back to oxide. 
When cool, add the precipitate, ignite strongly, cool ina 
desiccator, weigh as nickel oxide 4VzO, and from this weight, 
calculate the percentage of nickel in the sample. 


6%. Separation of Zinc and Nickel from a Potas- 
sium-Cyanide Solution.—A method of separating zinc 
and nickel that is quite largely used at the present time, 
depends upon the deportment of their cyanides in a potassium- 
cyanide solution with potassium sulphide. The details of the 
method are as follows: 

After evaporating the filtrate from the copper to 100 or 
150 cubic centimeters, render it strongly alkaline with potas- 
sium hydrate, adding the reagent in the form of a concentrate 
solution. This will precipitate all of the nickel, and part of 
the zinc in the form of hydrates. Adda concentrate solution 
of potassium cyanide in sufficient quantity to dissolve the 
precipitate, but avoid any considerable excess. If the solu- 
tion is very strongly alkaline, nearly neutralize it with hydro- 
chloric acid, but still leave it distinctly alkaline. Thenadda 
strong solution of potassium sulphide in sufficient quantity 
to precipitate all the zinc, but avoid a large excess of this 
reagent. Stir well with a glass rod, allow to stand for some 
time, filter, wash, dry, ignite, and weigh as zinc sulphide. 
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following the directions given in Art. 65. From this weight, 
calculate the percentage of zinc in the sample. 

Render the filtrate from the zine sulphide slightly acid 
with hydrochloric acid, add 1 or 2 drops of concentrate. nitric 
acid, and boil the solution until the odor of hydrocyanic 
acid can no longer be detected, showing that the cyanides 
have been broken up and the cyanogen expelled from the 
solution. Then proceed with the determination of nickel, 
using one of the methods described in Art. 66. 


ALLOY OF BISMUTH AND COPPER 


68. Determination of Bismuth.— Dissolve about 
.5 gram of the sample in a small quantity of dilute nitric 
acid, and evaporate to dryness on the water bath. Moisten 
the residue with a few drops of concentrate hydrochloric 
acid, mix it with a stirring rod, and then slowly add about 
200 cubic centimeters of water, while stirring continuously. 
When the water has all been added, stir well, and stand aside 
until the white precipitate of bismuth oxychloride BtOC/com- 
pletely settles, leaving the supernatant liquid perfectly clear. 
Then add alittle more water acidulated with hydrochloric 
acid, and observe if any further precipitation takes place. If 
it does, continue to add water until the bismuth is completely 
precipitated. If no precipitate is formed, the bismuth was 
all precipitated by the first addition of water. As soon as the 
bismuth is completely precipitated, and the precipitate has 
settled, filter on a weighed filter, wash with water containing 
a little hydrochloric acid, and dry in an air bath at 110°, until 
a constant weight is obtained. The increase in weight over 
the weight of the paper alone, is the weight of bismuth oxy- 
chloride BiOC/, which contains 80.15 per cent. of bismuth. 
From this, calculate the percentage of bismuth in the sample. 


69. Determination of Copper.—Evaporate the filtrate 
from the bismuth oxychloride to about 150 cubic centimeters, 
heat it to boiling, and precipitate the copper as sulphide by 
leading a current of hydrogen sulphide through the gently 
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boiling solution. As soon as the precipitate settles, filter it 
rapidly, preferably with the aid of a filter pump, wash with- 
out interruption with water containing hydrogen sulphide, 
dry, ignite, with the addition of sulphur, in a current of 
hydrogen, and weigh as cuprous sulphide Cu,S. From this 
weight, calculate the percentage of copper in the sample. 

If preferred, the copper may be determined as oxide by 
following the directions given under the Determination of 
Copper as Oxide, or the filtrate from the bismuth may be 
evaporated to dryness with the addition of sulphuric acid, to 
expel the hydrochloric acid, the residue dissolved in about 
150 cubic centimeters of water with the addition of 1 or 
2 cubic centimeters of nitric acid, and the copper determined 
electrolytically as in the analysis of a silver coin. 


ALLOY OF BISMUTH AND LEAD 


70. Determination of Bismuth.—Dissolve from .5 to 
.8 gram of the sample in nitric acid, and evaporate to a 
syrupy consistence on the water bath. Add a little water, 
stir the mixture well with astirring rod, and again evaporate 
on the water bath. Repeat this four or five times to expel 
the nitric acid, then to the cold residue add a solution made 
‘by dissolving 1 gram of ammonium nitrate in 500 cubic cen- 
timeters of water, stir well, and stand aside for an hour or 
two for the precipitate of basic bismuth nitrate to collect 
and settle. Filter, and wash thoroughly with a solution of. 
ammonium nitrate having the same strength as that used to 
precipitate the bismuth. Pure water cannot be used to wash 
this precipitate, for when it is used, the precipitate rapidly 
becomes more basic, and the washings, which have an acid 
reaction, contain bismuth. Dry the precipitate, remove it 
from the filter, cautiously burn the paper in a porcelain 
crucible, and, when cool, add a drop or two of nitric acid to 
the ash and evaporate to dryness. Add the precipitate to 
the residue in the crucible, and ignite it strongly over a Bun- 
sen burner, while protecting the precipitate from the action 


OUANTITATIVE ANALYSIS, PARTS 69 


of reducing gases. Cool the precipitate in a desiccator, and 
weigh it as bismuth oxide 47,0,, which contains 89.66 per 
cent. of bismuth. From this weight, calculate the percent- 
age of bismuth in the sample. 

As bismuth oxide is easily reduced, it isa good plan, after 
weighing as oxide, to ignite in a current of hydrogen, 
remove the flame, allowing the precipitate to cool in an 
atmosphere of hydrogen, and weigh as metallic bismuth as 
soon as the crucible becomes cool, thus checking the result 
obtained by weighing the bismuth as oxide. 


%1. Determination of Lead.—Evaporate the filtrate 
and washings from the bismuth to about 100 cubic centi- 
meters, and precipitate the lead from this solution in the 
form of sulphate, by adding a slight excess of dilute sul- 
phuric acid. Then add about 50 cubic centimeters of con- 
centrate alcohol; stir well, and stand in a cool place for 
4 hours for the precipitate to collect and settle. Filter 
through an asbestos felt in a porcelain Gooch crucible that 
has been dried and weighed. Wash the precipitate thor- 
oughly with water containing about 1 per cent. of sulphuric 
acid, and then wash all the acid out of the precipitate and 
filter with half-strength alcohol. Dry the crucible and pre- 
cipitate in an air bath heated to about 150°, until a constant 
weight is obtained, and from the resulting weight of lead 
sulphate, calculate the percentage of lead in the sample. 

If preferred, the precipitate may be cautiously ignited over 
a Bunsen burner at alow temperature, cooled in a desiccator, 
and weighed; or, it may be filtered, washed, dried, and 
weighed according to one of the methods given under the 
Determination of Lead as Sulphate. 


ALLOY OF ANTIMONY AND TIN 


Y2. Determinationof Antimony.—Weigh about 1 gram 
of the finely divided sample into a porcelain dish, cover it 
with a watch glass, and oxidize the metals by the gradual 
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addition of concentrate nitric acid. When sufficient acid has 
been added, heat over a Bunsen burner until the residue 
appears perfectly white, and then evaporate to dryness on 
the water bath. Transfer the residue of oxides to a silver 
crucible, washing in the last particles adhering to the dish 
with a strong solution of sodium hydrate, and cautiously 
evaporate this solution to dryness. Mix the dry residue in 
the crucible with about eight times its bulk of solid sodium 
hydrate, and fuse it for about 15 minutes at a red heat over 
a Bunsen burner. The tin and antimony are thus changed 
into soluble sodium stannate and insoluble sodium metanti- 
monate. When the crucible is moderately cool, place it in 
a percelain dish, add hot water, and heat until the fusion is 
loosened from the crucible. Then remove the crucible from 
the porcelain dish, and wash it thoroughly by means of a 
wash bottle, allowing the washings to run back into the dish. 
The volume of the solution should now be about 200 cubic 
centimeters. Heat the contents of the dish over a Bunsen 
burner, and stir well with a glass rod until the fusion is 
thoroughly disintegrated; then remove it from the flame, 
allow it to stand a few moments, add one-third the volume 
of the solution of 90-per-cent. alcohol, stir well, and stand 
aside for the precipitate to settle. The tin will now all be 
in solution, while the antimony remains as an insoluble 
residue of sodium metantimonate. Filter, wash the precipi- 
tate two or three times with a solution consisting of 1 part 
of absolute alcohol to 2 parts of water, then wash clean with 
half-strength alcohol, and stand the filtrate aside to be treated 
later. 

Remove as much as possible of the precipitate from the 
filter toa beaker. Then pour a solution consisting of equal 
parts of a saturated solution of tartaric acid and hydrochloric 
acid, on the filter, and receive the solution in a clean beaker. 
If this does not completely dissolve the precipitate remaining 
on the filter, pour the solution over it again, receiving it in 
a second clean beaker, and repeat this until the precipitate 
is completely dissolved. Pour this solution over the precipi- 
tate in the beaker, replace the beaker, which has just been 
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emptied, under the funnel, and wash the filter thoroughly 
with water. After the main precipitate has been dissolved, 
with the aid of gentle heat, if necessary, add the washings, 
and wash both of the beakers used to catch the acid solution 
into this solution, which will now contain all the antimony, 
The precipitate should be dissolved in the least necessary 
quantity of acid, as a large excess of hydrochloric acid pre- 
vents complete precipitation as sulphide. Dilute the solution 
containing antimony to about 250 cubic centimeters, place it 
on a water bath, and lead a current of hydrogen sulphide 
through it until the antimony is completely precipitated, and 
the solution is saturated with the gas. Then discontinue 
the hydrogen sulphide, and allow the solution to stand on 
the bath until the odor of hydrogen sulphide is barely per- 
ceptible. The expulsion of the excess of hydrogen sulphide 
may be hastened by leading a current of carbon dioxide 
through the solution while it is standing on the water bath. 
Filter rapidly, using a filter that has been previously dried 
at 110° and weighed, wash well with water containing a little 
hydrogen sulphide, dry at 110°, and weigh. The precipitate 
now consists of antimony sulphide, sulphur, and water, and 
a correction must be made. ‘This is done by one, or both, 
of the methods described under the Determination of Anti- 
mony as Sulphide, and from the weight thus obtained, the 
percentage of antimony in the sample is calculated. 


43. Determination of Tin.—Evaporate the alcoholic 
solution containing the tin to about 200 cubic centimeters, 
by heating it on the water bath, render the solution slightly 
but distinctly acid with hydrochloric acid, and precipitate 
the tin as sulphide by leading a current of hydrogen sulphide 
through the solution until it is thoroughly saturated. When 
the solution is acidified with hydrochloric acid, a white pre- 
cipitate of sodium stannate frequently separates, but this 
has no significance, as it is readily converted into sulphide 
by hydrogen sulphide. After the solution is thoroughly 
saturated with hydrogen sulphide, let it stand for half an 
hour in a moderately warm place, then filter, and wash on 
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the filter with a solution of ammonium acetate containing a 
few drops of free acetic acid. Dry the precipitate in an air 
bath, transfer it to a watch glass, and burn the filter in a 
weighed porcelain crucible. When cool, moisten the ash 
with a few drops of nitric acid, evaporate, and ignite gently. 
After allowing the crucible to cool, add the precipitate, cover 
the crucible to avoid loss through decrepitation, and heat 
gently for several minutes. Then remove the cover, and 
continue to ignite gently until the sulphide is apparently all 
changed to oxide. Allow the crucible to cool, moisten the 
precipitate with a few drops of concentrate nitric acid, cover 
the crucible, ignite gently at first, then remove the cover 
and raise the temperature, finally heating at the highest 
temperature of the Bunsen burner. The sulphide will now 
be completely oxidized, but some sulphuric acid will remain 
in the precipitate. To expel this, allow the crucible and pre- 
cipitate to cool, add a little dry ammonium carbonate, and 
ignite at a gradually increasing temperature, finally heating 
intensely. Repeat this treatment several times to be sure 
all sulphuric acid is expelled, then cool the crucible and pre- 
cipitate in a desiccator, and weigh as stannic oxide SzO,,. 
From this weight, calculate the percentage of tin in the 
sample. 


WOOD’S METAL 
Sn-+ Pb + Bit Cd 


74. Determination of Tin.—Weigh out about 1 gram 
of the finely divided sample, place it in a porcelain dish, add 
sufficient nitric acid of 1.3 Sp. Gr. to completely oxidize it, 
and evaporate to dryness on the water bath. Moisten the resi- 
due with about 1 cubic centimeter of nitric acid of the same 
strength as that used in dissolving the sample, add 100 cubic 
centimeters of water, and heat almost to boiling while stir- 
ring continuously. The tin, together with some of the lead 
and bismuth, will now be in the form of insoluble oxides, 
while the rest of the lead and bismuth, together with the 
cadmium, will be in solution in the form of nitrates. When 
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the precipitate has completely settled, filter, and wash with 
pure water until a test of the washings will scarcely color 
litmus paper. Dry the precipitate, remove it to a watch 
glass, burn the filter in a porcelain crucible, moisten the ash 
with a few drops of nitric acid, evaporate to dryness, and 
ignite gently. Then add the precipitate together with about 
five times its weight of a mixture of equal parts of sodium car- 
bonate and sulphur, and fuse over a Bunsen burner. Allow 
the fusion to cool, and digest it with hot water until it is 
thoroughly disintegrated. The lead and bismuth will now 
be in the form of insoluble sulphides, while the tin will be 
dissolved in the form of sodium sulphostannate. After the 
precipitate has settled, filter, and wash the precipitate thor- 
oughly with water containing a little hydrogen sulphide; then 
stand the precipitate in an air bath to dry and be treated 
later, and determine the tin in the filtrate as follows: 
Slowly add hydrochloric acid to the solution while stirring 
constantly, until the reaction of the solution is distinctly 
acid, but avoid a large excess of acid. Then stand the solu- 
tion on a water bath until the odor of hydrogen sulphide has 
nearly disappeared. Filter, and wash the precipitate thor- 
oughly with a solution of ammonium acetate containing a 
few drops of free acetic acid. Dry the precipitate in an air 
bath, remove it from the filter, and burn the latter in a 
weighed porcelain crucible. Moisten the ash with a few 
drops of nitric acid, evaporate to dryness, and ignite gently; 
then add the precipitate, cover the crucible, and ignite 
gently for afew minutes-with the cover on. When there is no 
longer any danger of loss through decrepitation, remove the 
cover and heat gently with free access of air so long as sul- 
phur dioxide is given off. Then raise the temperature to the 
highest power of the Bunsen burner for a few minutes, and 
allow it to cool. Moisten the precipitate with a few drops of 
concentrate nitric acid, and cautiously ignite again, finally 
heating over the blast lamp. When the crucible and pre- 
cipitate become moderately cool, add a little dry ammonium 
carbonate and ignite strongly, raising the temperature grad- 
ually. Repeat this two or three times, finally igniting for a 
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few minutes at the full power of the blast lamp. The pre- 
cipitate will now be pure stannic oxide SzO,. Allow it to 
cool in a desiccator, weigh, and from this weight, calculate 
the percentage of tin in the sample. 


%5. Determination of Lead.—Remove the precipitate 
of lead and bismuth sulphides, set aside for further treat- 
ment, as completely as possible from the filter, and burn the 
paper in a porcelain crucible. Moisten the ash with nitric 
acid, evaporate to dryness on the water bath, add the pre- 
cipitate, and dissolve the whole in half-strength nitric acid. 
Evaporate to dryness on the water bath, moisten the residue 
with 3 or 4 drops of nitric acid, dissolve it in the least 
necessary quantity of water, and wash this solution into the 
first filtrate containing the cadmium, together with most of 
the lead and bismuth. The solution will now contain all 
the lead, bismuth, and cadmium. Evaporate it to about 
75 cubic centimeters, and precipitate the lead with a slight 
excess of sulphuric acid. Add about 30 cubic centimeters of 
absolute alcohol to the solution, stir well, and stand aside 
for at least 4 hours for the lead sulphate to completely sepa- 
rate. Filter through an asbestos felt in a porcelain Gooch 
crucible, wash at first with water containing 1 per cent. of 
sulphuric acid; then wash all the acid out with half-strength 
alcohol, dry at 150° in an air bath, cool in a desiccator, and 
weigh as lead sulphate POSO,. From this weight, calculate 
the percentage of lead in the sample. 

If preferred, the lead sulphate may be filtered, dried, and 
weighed according to one of the methods described under 
the Determination of Lead as Sulphate, but in any case the 
precipitate should be washed first with water containing a 
little sulphuric acid, and then with half-strength alcohol, to 
remove all the acid. 

This determination must be very carefully performed. 
The solution must contain sufficient nitric acid to hold 
the bismuth in solution, or part of it will be separated 
and weighed as lead; but a large excess of acid must be 
avoided, or the lead will not be completely precipitated. If 
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a precipitate separates from the solution before the sul- 
phuric acid is added, just enough nitric acid must be added 
to redissolve it, but an excess must be avoided. 


76. Determination of Bismuth.—Evaporate the fil- 
trate from the lead sulphate to dryness on the water bath, 
add a little hydrochloric acid, and again evaporate to a 
syrupy consistence. Repeat the evaporation with hydro- 
chloric acid once more in order to expel all nitric acid, and 
when the residue is nearly dry, add from 300 to 500 cubic 
centimeters of water, stir well, and stand aside for the pre- 
cipitate to settle. This should completely precipitate the 
bismuth as oxychloride BzOCZ, while the cadmium remains 
in solution. To learn if all the bismuth is precipitated, 
remove a little of the clear supernatant liquid to a watch 
glass and add a relatively large amount of water. If a pre- 
cipitate results, more water must be added to the solution as 
long as a precipitate forms. Ifa precipitate is not produced 
on the watch glass, wash this solution back into the beaker 
and proceed with the determination. In either case, as 
soon as the precipitate settles, filter, wash with water that is 
slightly acidulated with hydrochloric acid, and stand the 
filtrate aside for the determination of cadmium. The pre- 
cipitate of bismuth oxychloride will contain some sulphuric 
acid in this case, and consequently cannot be weighed 
directly. To obtain the precipitate in a pure form, dissolve 
it in the least necessary quantity of dilute nitric acid, and 
evaporate to a pasty consistence on awater bath. Add con- 
centrate hydrochloric acid, and again evaporate almost to 
dryness. Repeat the addition of hydrochloric acid and 
evaporation, and, when almost dry, add a large quantity of 
water. Allow the precipitate to settle, filter through a 
weighed filter, wash the precipitate thoroughly with water 
that is slightly acidulated with hydrochloric acid, and dry 
in an air bath at 110°, until a constant weight is obtained. 
The precipitate is now bismuth oxychloride BzOC/, which 
contains 80.15 per cent. of bismuth, and from the weight of 
this, the percentage of bismuth in the sample is calculated. 

TL. T 17¢—28 
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%%. Determination of Cadmium.—Evaporate the fil- 
trate from the bismuth oxychloride, which contains the 
cadmium in solution, to about 150 cubic centimeters, and 
proceed to determine the cadmium, either as sulphide or 
oxide, by one of the following methods: 

1. Determination as Sulphide.—Heat the solution gently 
over a water bath, and conduct a moderately rapid current 
of pure, washed hydrogen sulphide through it until the 
cadmium is completely precipitated, and the solution is 
thoroughly saturated with the gas. As soon as the precipi- 
tate settles, filter through a weighed filter, wash at first with 
hydrogen-sulphide water that has been slightly acidulated 
with hydrochloric acid, and then with pure water. Dry the 
precipitate in an air bath at 105° until a constant weight is 
obtained, and from the weight of cadmium sulphide thus 
found, calculate the percentage of cadmium in the sample. 
Cadmium sulphide CdS contains 77.78 per cent. of cadmium. 

In order to prevent the possibility of sulphur being set 
free and weighed as cadmium sulphide, a strong solution of 
potassium cyanide is sometimes added in sufficient quantity 
to dissolve the precipitate at first formed, and the cadmium 
is then precipitated as sulphide by leading hydrogen sulphide 
through this solution. The subsequent treatment of the 
precipitate is the same as when potassium cyanide is not 
added. 

2. Determination as Oxide.—Heat the solution nearly to 
boiling in a porcelain dish, and precipitate the cadmium as 
carbonate by adding sodium carbonate drop by drop, while 
stirring continuously, until the solution is distinctly alkaline. 
Boil for a few moments, allow the precipitate to settle, and 
decant the clear liquid through a filter. Add about 50 cubic 
centimeters of water, heat to boiling, allow the precipitate to 
settle, and decant the clear, supernatant fluid through the 
filter. Repeat this washing by decantation once, then bring 
the precipitate on to the filter, and wash thoroughly with 
hot water. Dry the precipitate in an air bath, remove it as 
completely as possible from the filter, saturate the latter 
with a concentrate solution of ammonium nitrate, and, after 
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drying, burn it cautiously in a weighed porcelain crucible. 
The ammonium nitrate supplies oxygen to burn the paper, 
and thus tends to prevent the reduction, and consequent 
volatilization, of the small amount of precipitate that invari- 
ably adheres to the filter. When the filter is completely 
burned, and the crucible has become cool, add the precipi- 
tate and ignite carefully, gradually increasing the tempera- 
ture and finally heating strongly for about 10 minutes. 
Cool in a desiccator, and weigh. After weighing, again 
ignite strongly for 10 minutes, cool in a desiccator, and 
weigh. If the precipitate has lost weight during this second 
ignition, the operation must be repeated until the weight 
remains constant. This treatment is rendered necessary by 
the difficulty with which the last portions of carbon dioxide 
are expelled from the precipitate. When a constant weight 
is obtained, the precipitate is cadmium oxide Ca@O, which 
contains 87.50 per cent. of cadmium. From the weight thus 
obtained, calculate the percentage of cadmium in the sample. 


%8. Separation of Bismuth and Cadmium by Means 
of Sodium Carbonate and Potassium Cyanide.— Another 
method of separating bismuth and cadmium, which is prob- 
ably more difficult to perform correctly than the one just 
described, depends upon the deportment of these metals 
with sodium carbonate and potassium cyanide. This method 
is quite largely used at present, and, consequently, it is best 
for the student to try it. The details are as follows: 

After evaporating all alcohol from the filtrate from the 
lead sulphate, nearly neutralize the solution with sodium 
hydrate, heat nearly to boiling, slowly add sodium carbonate 
in sufficient quantity to completely precipitate the bismuth: 
and cadmium, and then add a strong solution of potassium 
cyanide in sufficient quantity to completely dissolve the 
cadmium carbonate at first formed, leaving the bismuth 
precipitated. Heat the solution, in which the bismuth pre- 
cipitate is suspended, on the water bath for half an hour. 
Then allow the precipitate to settle, filter, and wash with 
pure water. Dissolve the precipitate in the least necessary 
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quantity of dilute nitric acid, dilute the solution to about 
150 cubic centimeters, heat it nearly to boiling, precipitate 
the bismuth as basic carbonate with a very slight excess of 
ammonium carbonate, and continue to heat nearly to boiling 
for some time. Allow the precipitate to settle, filter, and 
wash thoroughly with pure water. Dry the precipitate in an 
air bath, remove it to a watch glass, and cautiously burn the 
filter in a porcelain crucible. Add a few drops of nitric acid 
to the ash, evaporate to dryness, and ignite gently. Then, 
after the crucible has cooled, add the precipitate and ignite 
gently until the carbon dioxide is completely expelled and a 
constant weight is obtained. The precipitate is now bismuth 
oxide 47,0,, which contains 89.66 per cent. of bismuth, and 
from the weight of this, the percentage of bismuth in the 
sample is calculated. 

Heat the filtrate from the bismuth almost to boiling, and 
precipitate the cadmium as sulphide by slowly adding a 
slight excess of ammonium sulphide while stirring constantly. 
Allow the precipitate to settle, filter, and wash the precipi- 
tate thoroughly, using hydrogen-sulphide water at first and 
then pure water. Dissolve the precipitate in the least neces- 
sary quantity of half-strength nitric acid, and evaporate the 
solution nearly to dryness on the water bath. Add about 
30 cubic centimeters of water to the residue, and stir well. If 
this does not produce a perfectly clear solution, it must be 
filtered, and the solid matter on the filter must be washed 
thoroughly with pure water. If the residue is completely 
dissolved, it is only necessary to dilute the solution. In 
either case, the clear solution should amount to about 
100 cubic centimeters. Heat this solution almost to boiling, 
and precipitate the cadmium as carbonate by adding a solu: 
tion of sodium carbonate, drop by drop, until the solution is 
distinctly alkaline, stirring the solution without interruption 
during the addition of the precipitant. Now heat the solu: 
tion to boiling for a few moments, allow the precipitate ta 
settle, filter, and proceed with the determination of cadmium 
as oxide, following the directions previously given. 

The results obtained by this method are usually a trifle 
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low, and sometimes the latter part of the operation is omitted. 
In this case the precipitate obtained by ammonium sulphide 
is filtered on a weighed paper, washed thoroughly, dried at 
105°, and weighed as cadmium sulphide. It is the writer’s 
experience, however, that the results thus obtained are not 
as accurate as those obtained by following the directions just 
given, and weighing the cadmium as oxide. 


BABBITT METAL 
Sn + Pb+Sb+ Cu 


79. Babbitt metal is an alloy of tin, lead, antimony, and 
copper largely used for bearings. Most of the so called 
“‘bearing” and ‘‘anti-friction” metals are composed of 
these same metals in varying proportions, and the same 
methods of analysis apply in all such cases. The separation 
of these metals is a rather difficult operation, and many 
methods of analysis have been proposed. Two very good 
methods are here given. They are both modifications of 
previously proposed methods, and either these methods, or 
slight modifications of them, are largely used. The student 
should make himself familiar with both methods, and then, if 
he wishes, he can work out modifications of them for himself. 


FIRST METHOD 


80. Determination of Lead.—Weigh 1 gram of the 
finely divided alloy into a beaker having a capacity of about 
250 cubic centimeters. Cover the sample with 4 or 5 grams 
of powdered tartaric acid, add 30 cubic centimeters of nitric 
acid having a specific gravity of 1.2, cover the beaker with 
a watch glass, and heat on the water bath until the sample 
is completely dissolved. Then, by means of a fine jet of 
water from the wash bottle, wash any particles of liquid that 
may have spattered against the watch glass back into the 
beaker, remove the watch glass,.and evaporate the contents 
of the beaker to a pasty consistence. Add about 75 cubic 
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centimeters of hot water to this pasty residue, and stir it 
occasionally, while standing on the water bath, until the lead 
nitrate has completely dissolved. Part of the tin and anti- 
mony will be dissolved, and part will remain as a white 
powder. Now add a concentrate solution of potassium 
hydrate until the precipitate at first formed is almost com- 
pletely dissolved in an excess of the reagent. The solution 
at this point will generally appear cloudy, as it would take a 
very large excess of the reagent to completely redissolve the 
copper hydrate formed. ‘This cloudiness may be disregarded, 
as it has no influence on the analysis. Add 20 cubic centi- 
meters of yellow sodium-sulphide solution,* cover the beaker, 
and digest 4 or 5 hours on the water bath, stirring from time 
to time. Allow the precipitate to settle, decant as much of 
the clear liquid as possible through a filter, and wash once 
by decantation with warm water, decanting as much of the 
liquid as possible without bringing any of the precipitate on 
to the filter. To the residue of sulphides, add 15 cubic 
centimeters of the yellow sodium-sulphide solution, cover 
the beaker, and again digest on the water bath for 2 hours. 
Then add 50 cubic centimeters of hot water, stir thoroughly, 
allow the precipitate to settle, filter through the same paper 
that was used in decanting the solution, and wash thoroughly 
and quickly on the filter, with water containing hydrogen 
sulphide. The precipitate is composed of the sulphides of 
lead and copper, and the antimony and tin are in the filtrate. 
Dry the precipitate, remove it as completely as possible to a 
small porcelain dish, place the filter in a porcelain crucible, 
and burn off the volatile matter, but do not attempt to burn 
off the carbon. ‘Transfer the charred filter to the precipitate 
in the porcelain dish, moisten this with a few drops of con- 
centrate nitric acid, cover the dish with a watch glass, add 
10 cubic centimeters of fuming nitric acid, and digest on the 


* To make this solution, dissolve 20 grams of sodium hydrate in 
100 cubic centimeters of water, and when all is dissolved, lead a current 
of hydrogen sulphide into the solution until it is saturated, Pour this 
solution through a filter to remove any solid matter, and then stir in 
100 milligrams of flowers of sulphur, which will dissolve, giving the 
solution a yellow color. 
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water bath until all sulphur has disappeared. Then add 
10 cubic centimeters of one-third-strength sulphuric acid, 
and evaporate until all nitric acid is driven off. Add about 
35 cubic centimeters of warm water, stir well, and stand aside 
until the precipitate has completely subsided. Filter, wash 
at first with water containing 1 per cent. of sulphuric acid, 
and then, after removing the filtrate, wash with half-strength 
alcohol until the sulphuric acid is washed out of the filter. 
As these alcoholic washings contain no metal, they may be 
thrown away. Dry the precipitate, remove it as completely 
as possible from the filter, and cautiously burn the latter in 
a porcelain crucible. When cool, add 3 drops of nitric acid 
and 1 or 2 drops of sulphuric acid to the ash, evaporate to 
dryness, and ignite very gently. Then add the precipitate, 
ignite gently over a Bunsen burner, cool in a desiccator, and 
weigh as lead sulphate POSO, From this, calculate the 
percentage of lead in the sample. 

If preferred, the precipitate may be collected in a porce- 
lain Gooch crucible or on a weighed filter, dried at 
110°, and weighed, but probably the method given is the 
one most frequently used. The porcelain Gooch crucible, 
however, is preferred by many chemists. 


81. Determination of Copper.—Heat the filtrate from 
the lead sulphate to incipient boiling, and while holding it 
just at, or slightly below, the boiling point, lead in a rather 
rapid current of hydrogen sulphide until the copper is com- 
pletely precipitated. As soon as the precipitate has settled, 
filter, and wash rapidly with water containing hydrogen sul- 
phide. Dry the precipitate, remove it from the filter, and 
cautiously burn the latter in a Rose crucible. Add the pre- 
cipitate, together with a little powdered sulphur, ignite in a 
current of hydrogen, as directed under the Determination 
of Copper as Sulphide, cool in a desiccator, and weigh as 
cuprous sulphide Cw,S. From this weight, calculate the 
percentage of copper in the sample. 

As the filtrate from the lead sulphate contains the cop- 
per in the form of sulphate, together with a little free 
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sulphuric acid, the copper may readily be determined 
electrolytically, if preferred. All that is necessary in this 
case is to dilute the solution to about 150 cubic centi- 
meters, and deposit the copper by means of the battery, 
as directed under the Determination of Copper by Elec- 
trolysis. It is best, however, to add a few drops of nitric 
acid before electrolyzing. 


82. Determination of Antimony.—Dilute the fil- 
trate from the mixed sulphides of lead and copper to about 
300 cubic centimeters and slowly add hydrochloric acid, while 
stirring the solution, until it is distinctly acid, but avoid a 
large excess of acid. Then heat the solution on a water 
bath until only a faint odor of hydrogen sulphide remains. 
Allow the precipitate, which consists of the sulphides of tin 
and antimony, together with much free sulphur, to settle; 
decant the clear fluid through a filter, wash once by decan- 
tation, and then wash once or twice on the filter with pure 
water. Transfer as much as possible of the precipitate to a 
clean beaker, and dissolve the small amount of precipitate 
adhering to the filter in dilute sodium hydrate. Allow this 
solution to run through the filter into the beaker containing 
the precipitate, and wash the paper clean with pure water. 
The solution in the beaker should now amount to 75 or 
80 cubic centimeters. To this, add from 20 to 25 grams of 
solid sodium hydrate, and stir until all is dissolved. If 
much heat is produced by the solution of the sodium hydrate, 
allow the solution to cool, then cautiously add 5 cubic centi- 
meters of pure bromine, and digest on the water bath, 
keeping the beaker covered, until the sulphur is completely 
oxidized and the antimony is precipitated as white crystal- 
line sodium metantimonate. Now remove a drop or two of 
the solution, and add to it an equal amount of concentrate 
hydrochloric acid. If this liberates bromine vapors, enough 
bromine has been added to the solution, but if bromine 
vapors are not given off, more bromine must be added and 
the solution must be heated a little longer on the water bath. 
Then boil the solution for a few minutes, allow it to cool, 
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add sufficient alcohol to make up from one-third to one- 
fourth of the total volume of the solution, stir well, and 
stand aside for at least 6 hours (longer, if necessary) for the 
precipitate to collect and settle. Filter, and wash with a 
mixture of 1 part of alcohol and 3 parts of water, to which 
a little sodium carbonate is added. The precipitate now 
contains the antimony as sodium metantimonate, generally 
mixed with a little free sulphur, and the filtrate contains the 
tin as sodium stannate. The latter is set aside to be treated 
for the separation of tin. 

Transfer as much as possible of the precipitate to a 
beaker, and dissolve the small portion adhering to the filter 
in the least necessary quantity of a mixture of concentrate 
tartaric acid and half-strength hydrochloric acid, allowing 
the solution to run into the beaker containing the precipi- 
tate. If necessary, add more of this mixture of acids to 
completely dissolve the precipitate, then wash the filter, 
from which the precipitate was dissolved, with water, and 
receive the washings in the beaker with the rest of the anti- 
mony solution. If the solution contains any free sulphur, 
filter it off and wash well. The filtrate will now contain 
the antimony freed from elements that would interfere with 
its determination. 

’ Dilute this solution to about 200 cubic centimeters, place 
it on the water bath, and when it has assumed the highest 
temperature that will be imparted to it by the bath, lead a 
rather rapid current of hydrogen sulphide through it until 
the antimony is completely precipitated. Let the beaker 
and contents stand on the water bath until only a faint odor 
of hydrogen sulphide is given off; then allow the precipitate 
to settle, filter, bringing the precipitate on a weighed . filter, 
wash rapidly and well with water containing a little hydro- 
gen sulphide, and then once or twice with pure water; dry 
at 110° and weigh. 

This precipitate consists of antimony sulphide, sulphur, 
and water, and a correction must be made. To do this, 
remove as much of the precipitate as possible to a weighed 
porcelain boat—taking care not to get any of the paper— 
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and weigh boat and precipitate, Then place the boat and 
contents in a piece of combustion tubing, drawn out to a 
small opening at one end. Lead in dry carbon dioxide 
through a perforated stopper in the other end, and, when the 
air is expelled from the tube, bring a Bunsen burner under 
the boat, and heat carefully until no more sulphur vapors 
are given off, and the precipitate has assumed a metallic 
appearance. Allow the boat and precipitate to cool in the 
current of dry carbon dioxide and weigh as soon as cooi. 
The precipitate is now pure antimony sulphide Sd,S,. From 
the weights thus obtained, calculate the weight of antimony 
sulphide in the original precipitate, and from this, calculate 
the percentage of antimony in the sample. The Determina- 
tion of Antimony as Sulphide should be read in connection 
with this determination. 


83. Determination of Tin.—Dilue the filtrate from 
the antimony to about 250 cubic centimeters, render it dis- 
tinctly acid with hydrochloric acid, and heat the solution 
until the bromine is all expelled. Then lead a current of 
hydrogen sulphide through the solution until the tin is com- 
pletely precipitated and the solution is saturated with the 
gas. Let the beaker stand in a warm place until the pre- 
cipitate settles, leaving the supernatant liquid clear. Filter, 
and wash the precipitate thoroughly with a solution of 
ammonium acetate containing a little free acetic acid. Dry 
the precipitate, remove it from the filter, and burn the latter 
in a porcelain crucible. Moisten the ash with a few drops 
of nitric acid and evaporate this to dryness. Then add the 
precipitate, cover the crucible, and ignite gently for a few 
minutes. Remove the cover and continue to ignite gently 
until the precipitate is apparently changed to oxide. Allow 
it to cool, add 3 or 4 drops of concentrate nitric acid, and 
ignite again, gently at first, with the crucible covered, but 
finally at the highest temperature of the Bunsen burner, 
with the cover removed. Let the crucible cool, add a little 
pure dry ammonium carbonate, and ignite again. Repeat 
this two or three times, finally igniting intensely. Allow the 
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crucible and precipitate to cool in a desiccator, weigh, and 
from the weight of stannic oxide SvO, thus obtained, cal- 
culate the percentage of tin in the sample. 


SECOND METHOD 


S84. Determination of Lead.—Weigh 1 gram of the 
finely divided alloy into a beaker, add 15 or 20 cubic centi- 
meters of nitric acid of 1.2 Sp. Gr., cover the beaker, and 
heat on the water bath until the sample is completely decom- 
posed. Then remove the watch glass, washing any liquid 
adhering to it back into the beaker, and evaporate to a pasty 
consistence on the water bath. Add from 8 to 10 cubic 
centimeters of water to this pasty residue, stir well, and then 
add a concentrate solution of sodium hydrate until the mix- 
ture is nearly, but not quite, neutral. Now add 20 cubic 
centimeters of freshly prepared yellow sodium-sulphide solu- 
tion, cover the beaker, and heat to incipient boiling for half 
an hour. Add about 10 cubic centimeters of pure water, 
stir well, allow the precipitate to completely subside, and 
decant as much of the solution through a filter as possible 
without bringing any of the precipitate on the paper. To 
the precipitate add 15 cubic centimeters of yellow sodium 
sulphide, cover the beaker with a watch glass, heat the mix- 
ture over a Bunsen burner until it just begins to boil, then 
remove it to a water bath, and digest for an hour. Add 
about 20 cubic centimeters of water, stir well, and when the 
precipitate has settled, filter, using the paper through which 
the solution was decanted. Wash this precipitate thoroughly 
with water containing 1 per cent. of the sodium-sulphide 
solution used above. The precipitate now contains the 
lead and copper, while the antimony and tin are in the fil- 
trate, which should be set aside and treated for these metals 
later. 

Wash the precipitate into a beaker with the least neces- 
sary quantity of water, and add from one-third to one-hal 
as much concentrate nitric acid as the total amount of water 
used in washing the precipitate from the paper. If any of 
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the precipitate remains on the paper, dissolve it in one-third- 
strength nitric acid, and let this solution run into the same 
beaker. Heat this mixture, while stirring it continuously, 
until the precipitate is completely dissolved, and filter out 
the free sulphur that separates. To the filtrate add about 
12 cubic centimeters of a solution of sulphuric acid, made by 
adding 1 part of concentrate acid to 3 parts of water, and 
evaporate until the nitric acid is completely expelled. Add 
35 or 40 cubic centimeters of water to the residue, stir well, 
and let the precipitate completely subside. Filter, and wash 
thoroughly with water containing 1 or 2 per cent. of sul- 
phuric acid. Then remove the filtrate, which contains the 
copper, and wash the sulphuric acid out of the filter with half- 
strength alcohol, throwing these alcoholic washings away. 
Dry and weigh the precipitate as previously directed, and 
from the weight of lead sulphate PSO, thus obtained, cal- 
culate the percentage of lead in the sample. 


85. Determination of Copper.—Dilute the filtrate 
from the lead sulphate to about 100 cubic centimeters, if the 
volume does not already amount to that much, heat the 
solution to boiling, and precipitate the copper by a rather 
rapid current of pure hydrogen sulphide. As soon as the 
precipitate settles, filter, and wash rapidly with water con- 
taining hydrogen sulphide. Dry the precipitate, ignite it 
with the addition of sulphur in a current of hydrogen, and 
weigh as cuprous sulphide Cu,S, following the directions 
given under Determination of Copperas Sulphide. From the 
weight of cuprous sulphide thus obtained, calculate the per- 
centage of copperinthesample. If preferred, a few drops of 
nitric acid may be added to the filtrate from the lead sulphate, 
thesolution diluted to about 150 cubic centimeters, and the cop- 
per deposited electrolytically as described under the Deter- 
mination of Copper by Electrolysis. Some chemists prefer to 
precipitate the copper as sulphide, dissolve the precipitate in 
dilute nitric acid, boil the filtrate to expel hydrogen sulphide, 
evaporate it to about 5 cubic centimeters, dilute to about 
150 cubic centimeters, and deposit the copper electrolytically. 


€ 
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86. Determination of Antimony.—lIf the filtrate from 
the sulphides of lead and copper does not amount to about 
75 cubic centimeters, dilute it to this volume, boil, and 
cautiously add fine crystals of pure oxalic acid until the 
sodium sulphide is completely decomposed and the solution 
contains a milky separation of free sulphur, mixed with a 
precipitate which usually appears black at first. Enough 
oxalic acid must always be added. A moderate excess does 
no harm. Boil this solution for half an hour, and then 
while hot, pass a rather rapid current of hydrogen sulphide 
through it for 15 minutes. This will precipitate the anti- 
mony as sulphide, and the tin will remain in solution. As 
soon as the precipitate has settled, filter, using a filter that 
has been dried at 110°, and weighed, and wash at first 
with warm water containing hydrogen sulphide and then 
once or twice with pure hot water. Dry the precipitate on 
the filter at 110° in an air bath, and weigh. The precipitate 
consists of antimony sulphide, sulphur, and water, and a 
correction must be made as directed in Art. 82. From the 
weights thus obtained, calculate the percentage of antimony 
in the sample 


8%. Determination of Tin.—To the filtrate from the 
antimony sulphide, add 10 cubic centimeters of concentrate 
sulphuric acid, and evaporate over a Bunsen burner until 
white fumes of sulphur trioxide begin to be given off. Allow 
the residue to cool, cautiously add 75 cubic centimeters of 
water, stir well, and filter quickly. Wash the filter until the 
filtrate and washings amount to about 125 cubic centimeters. 
Place this solution on the water bath, and pass a rather rapid 
current of hydrogen sulphide through it until the tin is com- 
pletely precipitated, and the solution is saturated with the 
gas. Cover the beaker with a watch glass and let it stand 
on the water bath for half an hour. Then filter, and wash 
the precipitate thoroughly with a solution. of ammonium 
acetate containing a little free acetic acid. Treat as 
described in Art. 83. From the weight of SQ, calculate 
the percentage of tin. 


